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Preface 


In Urological Pathology, we have aimed to bring to the 
practicing surgical pathologists, subspecialized urologic 
pathologists, and students of urologic diseases (pathology 
and urology residents and fellows) a comprehensive and 
authoritative textbook on urologic diseases. With increasing 
subspecialization, there is a need for surgical pathologists 
to have a practical resource for day-to-day management of 
diagnosis, reporting, and consultation on urologic diseases. 

While the book aims to be all-encompassing in its cov- 
erage from etiology to clinical management, we will have 
succeeded if the book becomes the easy-to-navigate, yet 
definitive, expert resource on urologic surgical pathology 
kept by your microscope. Accordingly, we have focused on 
diagnostic morphologic criteria, differential diagnoses, pit- 
falls, and ancillary diagnostic tests (primarily immunohisto- 
chemistry and molecular markers only as appropriate). We 
have presented a broad panorama of morphologic images 
to compliment the diagnostic approach and the pearls high- 
lighted in the text material and embellished this further by 
numerous tables and summary boxes. 

This new monograph shares the title Urological Pathology 
with two other important works in the field. Herbut’s 
Urological Pathology (1952) was the first comprehensive text- 
book on the subject. It was a monumental work comprising 
1,222 pages and 522 figures. Murphy’s Urological Pathology 
(first edition 1989; second edition 1997) was also an authori- 
tative and highly respected textbook of urologic pathology. 


vi 


The new Urological Pathology is a completely new book that 
builds on the foundation of excellence established by these 
historic books and other important works in urologic pathol- 
ogy to provide the reader with an encyclopedic reference 
source on the diagnostic and prognostic assessments which 
are the foundation for the therapeutic decisions that follow. 

The seed of this book was first planted in January 2003 
while we, the editors, were on a trip to India. After delivering 
a 3-day national course on urologic pathology, we traveled 
to the Taj Mahal. Inspired by the stunning form, beauty, and 
timelessness of this historic monument designed and con- 
structed because of the passion of Emperor Shah Jehan, we 
conceived the idea to make a major contribution (albeit on a 
more humble and smaller scale) to the discipline about which 
we are passionate. Consequently, over the past decade as we 
first conceptualized and then implemented the planning, 
authoring, and editing process, we referred to Urological 
Pathology fondly as the “Taj book.” 

The backbone of this book is the distinguished panel of 
authors of the 14 chapters, which comprise it. In creating this 
panel, we wanted to combine the wisdom of senior experts 
who have done much to make the field what it is today, with 
innovative ideas and passionate energy of the new genera- 
tion of expert urologic pathologists whose recent work con- 
tributes to moving the field forward. We are deeply indebted 
to these colleagues for their generous gifts of time, enor- 
mous efforts, and incredible patience throughout this long 
project. We are also grateful to our clinician and scientific 
colleagues—urologists, oncologists and radiation oncolo- 
gists who constantly seek our partnership in managing their 
patients, and to the many pathologists around the world who 
share their difficult cases with us since these cases serve as a 
nidus for further educational and research efforts. 

In closing, we would like to dedicate this book, with the 
deepest of admiration, to some giants in the field who have 
passed away in the past decade: Dr. Robert Scully, Dr. F. K. 
Mostofi, Dr. Leopold Koss, and Dr. Donald Gleason. Their 
pioneering work laid the foundation for the establishment of 
the subspecialty of urologic pathology. 


Mahul B. Amin 
David J. Grignon 
John R. Srigley 
John N. Eble 
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Nonneoplastic Diseases of the Kidney 


DAVID J. GRIGNON and MARK A. WEISS 


The surgical pathologist is called on to examine kidneys 
removed for a wide range of nonneoplastic conditions. This 
chapter is not meant as a comprehensive review of nonneo- 
plastic kidney diseases purposely excludes those conditions 
that are generally considered within the area of “medical 
kidney diseases” that pathologists are exposed to primarily 
through renal biopsy. For the purposes of this chapter all 
transplantation-related nephropathology including resection 
of allografts is excluded. For those diseases that are 
associated with renal neoplasia, the detailed discussion of 
the tumors is covered in Chapter 2. 


EMBRYOLOGY | 


A detailed discussion of the embryologic development of the 
kidney is beyond the scope and purpose of this chapter as are 
the many advances in our understanding of the molecular 
aspects of embryogenesis. The reader is referred to more com- 
prehensive sources if required.'* The following discussion 
will focus on those aspects of embryology relevant to under- 
standing the pathologic conditions covered in this chapter. 

The kidney develops from the mesoderm and forms 
through three successive stages: the pronephros, mesoneph- 
ros, and metanephros. Each of these overlaps with the pre- 
ceding step as development progresses. 


Pronephros 


The pronephros forms from the most caudal end of the neph- 
rogenic cord and is short-lived, appearing at the end of the 
3rd week of gestation and disappearing by day 25. The pro- 
nephric ducts are the only part that persist and are incorpo- 
rated into the mesonephros. 


Mesonephros 


The mesonephros develops from the midportion of the 
nephrogenic cord beginning on day 24 and results in the 


formation of the urogenital ridge. A series of glomeruli, each 
with a tubule and a capillary, form with a connection to the 
developing aorta. These tubules join an excretory duct, the 
mesonephric (Wolffian) duct. The mesonephros is a tem- 
porary functional excretory organ. These structures suc- 
cessively involute and by the end of the first trimester have 
disappeared. 


Metanephros 


The permanent kidney develops from the metanephros that 
first appears in the 5th week and becomes functional in 
the 9th week (Fig. 1-1). The metanephric mesenchyme, 
formed from the caudal end of the nephrogenic tube, gives 
rise to the kidney parenchyma with the ureteric bud being 
the origin of the collecting ducts, calyces, renal pelvis, and 
ureter. 


Collecting System Formation 


The ureteric bud develops as an outgrowth from the meso- 
nephric duct. Signaling pathways critical to ureteric bud 
induction and development include GDNF and GFRal. 
The WTI gene is involved in inducing GDNF expression. 
Defects in restrictive signaling pathways such as Spry-1 
allow for multiple ureteric buds to form and may be related 
to duplicate ureters.* As the growing ureteric bud comes in 
contact with the metanephric mesenchyme it undergoes a 
series of dichotomous branchings. The Wnt-11 and GREM1 
genes are among the most important in this process. The tip 
of the bud is known as the ampulla as is the tip of each sub- 
sequent branch as it develops. The first three to six of these 
give rise to the renal pelvis and major calyces (Fig. 1-2). 
BMP-4 is a key factor present in the metanephric mesen- 
chyme controlling this process. Abnormalities in BMP-4 
have been related to a wide range of anomalies including 
renal hypoplasia/dysplasia, hydroureter, megaureter, ectopic 
ureter, ureteral duplication, and ureteropelvic obstruction.‘ 
These eventually coalesce to form the structure as we see it 
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Figure 1-1 Œ Embryologic development of the kidney. A: Sketch of a lateral view of a 5-week embryo showing the primordium of the 
metanephros. B-E: Sketches showing successive stages in the development of the metanephric diverticulum or ureteric bud (5th to 8th weeks). 
Note the development of the ureter, renal pelvis, calices, and collecting ducts. (From Moore KL, Presaud TVN. The Developing Human: 
Clinically Oriented Embryology. 7th ed. Philadelphia, PA: Saunders; 2003, with permission.) 


at birth. The continued branching and growth result in the 
formation of the minor calyces and ever-increasing numbers 
of collecting ducts (Fig. 1-3). 


Nephron Formation 


The nephrons develop from condensations in the meta- 
nephric mesenchyme with a condensation related to each 


FiGgure 1-2 E Development ofthe renal pelvis. Diagram showing 
branching of the ureteral bud. (Reprinted from Mills SE. Histology for 
Pathologists. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2008. Modified from Potter EL. Normal and Abnormal Development 
of the Kidney. Chicago, IL: Year Book; 1972, with permission.) 


tip of the branching ureteric bud ampullae (Fig. 1-4). The 
condensation forms an S-shaped structure (the nephrogenic 
vesicle) with a space that becomes continuous with the 
lumen of the growing collecting tubule. The nephrogenic 
vesicle elongates with one end forming the proximal tubule 
and the loop of Henle. The initial period of nephron forma- 
tion ends after the 14th week of gestation. The nephrons 
from this initial period are localized to the corticomedul- 
lary junction. In the second period of nephrogenesis, addi- 
tional glomeruli develop as arcades from the no longer 
branching ampullae of the ureteric bud. In the third period 
of nephrogenesis, between weeks 22 and 36, the ampullae 
grow peripherally to the outermost part of the cortex giving 
rise to another four to seven nephrons. The last nephrons 
formed are located in the subcapsular region. It is estimated 
that there are between 0.7 and 1.5 million glomeruli per 
kidney. 

After 36 weeks, the ampullae regress and disappear with 
no additional nephrons being formed. During this last part 
of fetal development, the tubules lengthen and become more 
tortuous. 
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Figure 1-3 E Development of renal calyces and papil- 
lae. Diagram showing coalescence of the third to fifth genera- 
tion of branches of the primordial calyx with inward prolapse 
of the renal papilla. (Reprinted from Mills SE. Histology for 
Pathologists. 3rd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2008. Modified from Potter EL. Normal and Abnormal 
Development of the Kidney. Chicago, IL: Year Book; 1972, with 
permission.) 


A B 


Figure 1-4 E Arrangement of nephrons at birth as revealed by 
microdissection. A: Usual pattern. B: Possible variations. (Reprinted 
from Mills SE. Histology for Pathologists. 3rd ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2008. Modified from Potter EL. 
Normal and Abnormal Development of the Kidney. Chicago, IL: Year 
Book; 1972, with permission.) 
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ANATOMY AND HISTOLOGY | 


In this section, the anatomy and histology of the kidney rel- 
evant to the types of specimens encountered by the surgical 
pathologist will be reviewed. Detailed descriptions of the 
anatomy and histology of the kidney are available in more 
comprehensive references.” 


Gross Anatomy 


The kidneys are paired organs located in the retroperito- 
neum. The superior poles are usually located at the level of 
T12/L1 with the lower poles at L3, although the upper and 
lower extremes can range from T11 to L5. The right kid- 
ney is usually 1 to 2 cm lower than the left. The kidneys are 
related to the diaphragm at the superior posterior aspect, the 
psoas muscle posteriorly and the quadratus lumborum and 
aponeurosis of the transversus abdominus muscle laterally. 
Anteriorly the right kidney is juxtaposed to the liver, right 
colonic flexure, descending part of the duodenum, and the 
small intestine. On the left, the anterior surface relates to 
the stomach, spleen, pancreas, left colonic flexure, descend- 
ing colon, and jejunum. Both superior poles are intimately 
related to the adrenal glands. They are surrounded by fat 
within Gerota fascia (Fig. 1-5). Gerota fascia is a thin fibro- 
membranous structure that is in continuity with the trans- 
versalis fascia; it surrounds the perirenal adipose tissue 
superiorly, laterally, and medially but does not cover the hilar 
or inferior boundaries. 

In newborns, the kidneys weigh between 13 and 44 g; 
they increase in size with age reaching 115 to 166 g in adult 
females and 125 to 170 g in adult males.’ The increase in 
weight is related to increased tubular and interstitial tissues; 
the number of glomeruli remains constant. With advancing 
age, the kidneys begin to decrease in weight due primarily 
to cortical atrophy. The average adult kidney measures 11 
to 12 cm in length, 5 to 7 cm in width, and 2.5 to 3 cm in 
thickness. The kidneys are surrounded by a well-developed 
fibrous capsule that can be readily stripped from the corti- 
cal surface; the capsule covers the outer convexities of the 
kidney but is not well-developed in the hilar region where 
the vascular and collecting system structures enter the renal 
parenchyma (Fig. 1-6). In fact, there is no capsule covering 
the renal cortical tissue of the columns of Bertin where the 
columns come in contact with the renal sinus adipose tissue. 
This has been shown to represent an important site of tumor 
extension beyond the renal parenchyma (Fig. 1-7).8° 

In some adults, the kidney retains the prominent fetal 
lobulations that are evident at birth (Fig. 1-8). In most kid- 
neys, however, these largely disappear with the exception 
of two grooves extending from the hilum dividing the kid- 
ney into three poorly defined regions: a middle zone and 
the upper and lower poles. The cut surface reveals a con- 
tinuous layer of pale tan cortex, measuring about 1 cm in 
thickness and making up the entire outer aspect of the renal 
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Figure 1-5 W Kidney anatomy. Cross section of kidney at the level of renal hilum showing relationship to fat and renal (Gerota) fascia. 
(From Drake RL, Vogl AW, Mitchell AWM. Gray 5 Anatomy for Students. 2nd ed. Philadelphia, PA: Churchill Livingstone; 2010:357, with 
permission.) 


Figure 1-6 W Kidney anatomy. Line 
drawing of cross section of kidney at the 
level of the renal hilum illustrating the extent 
of the renal capsule (thick line) and in partic- 
ular its absence in the renal sinus area. (From 
Murphy WM, Beckwith JB, Farrow GM. 
Tumors of the Kidney, Bladder and Related 
Urinary Structures, AFIP Fascicle. 3rd 
series. Washington, DC: American Registry 
of Pathology; 1994, with permission.) 
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Figure 1-7 W Renal sinus and tumor invasion (A,B). Drawing illustrating the propensity of tumors to infiltrate into the renal sinus soft 
tissue at a location lacking a renal capsule (arrow, B). (From Bonsib SM, Gibson D, Mhoon M, et al. Renal sinus involvement in renal cell 


carcinomas. Am J Surg Pathol 2000;24:452, with permission.) 


parenchyma (Fig. 1-9). Cortical tissue extending from the 
outer aspect to the renal sinus (columns of Bertin) separates 
individual medullary pyramids and their draining calyces. 
The medulla is a darker red brown than the cortex and has 
a striated appearance. It can be divided into an outer or 
peripheral zone and an inner zone or papillae. A single unit 
of a pyramid with its associated cortex is the equivalent of 


Figure 1-8 W Kidney with prominent fetal lobulations. Kidney 
from a 37-year-old woman with prominent grooves highlighting the 
normal fetal lobulations that usually disappear with maturity. 


a unipapillary kidney. In humans, the fusion of these indi- 
vidual units results in a multipapillary type of kidney. 


Vascular Structure 


The arterial supply to each kidney originates from the aorta with 
a main renal artery. In most kidneys, the renal artery divides 
into anterior and posterior divisions that pass anterior and pos- 
terior to the renal pelvis. Within the hilum, these further divide 
into variable numbers of segmental branches (most often the 
anterior division divides into four segmental branches while 
the posterior division continues as a single segmental branch). 
The main renal artery also gives rise to the suprarenal artery 
supplying the adrenal gland and a ureteric artery supplying the 
ureter. Deviation from this pattern is, however, common. 

Within the renal sinus, each segmental artery gives rise 
to multiple lobar arteries (the vessels that typically enter the 
parenchyma) that then give rise to the interlobar then the arcu- 
ate arteries, followed by the interlobular arteries and finally the 
arterioles.'° These are all end arteries and so occlusion leads 
to downstream infarction. The efferent arterioles form a com- 
plex capillary network that supplies the cortical tubules and 
the juxtamedullary glomeruli. The medulla derives its blood 
supply mainly from the efferent arterioles of the juxtamedul- 
lary glomeruli. 

The venous return largely parallels the vascular supply 
with interlobular, arcuate, and interlobar veins paired with 
their corresponding artery. In contrast to the arterial system, 
the venous system includes a complex network of anastomo- 
ses. The interlobar veins join to form the main renal vein that 
passes anterior to the renal pelvis. 


Lymphatic System 


The major lymphatic drainage system follows the vascular 
system.'' The lymphatics begin at the level of the interlobu- 
lar arteries. No lymphatic channels are present in the area of 
the glomeruli and associated tubules. The main lymphatics 
drain into the hilar and periaortic lymph nodes. A second 
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Figure 1-9 W Kidney anatomy. Line drawing of the cut surface of the kidney. (From Drake RL, Vogl AW, Mitchell AWM. Grays 
Anatomy for Students. 2nd ed. Philadelphia, PA: Churchill Livingstone; 2010:358, with permission.) 


lymphatic system present within the renal capsule drains the 
outermost portion of the cortex and eventually communi- 
cates with the major lymphatic system in the hilar region. 


Nerve Supply 


The nerve supply of the kidney is sympathetic in type and 
is derived from the celiac plexus and then branches to the 
renal plexus via the splanchnic nerves. The nerve fibers orig- 
inating in the renal plexus follow the arterial supply to the 
cortical region and innervate the juxtaglomerular apparatus 
and the renal vasculature. Nerve endings also interact with 
tubules, particularly the thick part of the ascending loop of 
Henle. Sensory fibers in the kidney follow the sympathetic 
nerves to the T10—T11 region. 


Microscopic Anatomy 


The renal cortex is covered by the renal capsule which is com- 
posed of dense fibrous connective tissue (Fig. 1-10). In the cor- 
tex of the kidney, the components are arranged in two distinct 


patterns defined by the cortical labyrinth and the medullary 
rays. The major components of the cortical labyrinth are the 
glomeruli and the proximal tubules, but this area also includes 
distal convoluted tubules, connecting tubules, and the most 
proximal portions of the collecting ducts (Fig. 1-11). The med- 
ullary rays contain collecting ducts, and the proximal and distal 
straight tubules. The outer medulla contains the straight portion 
of the proximal tubules, the thin descending limb of the loop 
of Henle, and the thin and thick ascending limb of the loop 
of Henle as well as portions of the collecting ducts. The inner 
medulla (papilla) includes the thin descending and ascending 
limbs of the loop of Henle and the collecting ducts (Fig. 1-12). 


Glomerulus 


The normal glomerulus is about 200 um in diameter. It con- 
sists of the glomerular tuft that is suspended in Bowman 
space, a fluid-filled space that empties into the proximal 
convoluted tubule (Fig. 1-13). The glomerular tuft consists 
of a complex capillary network supported by the glomerular 
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Figure 1-10 E Renal capsule. External surface of the kidney 
illustrating a well-defined fibrous capsule covering the surface of the 
renal cortex and separating the parenchyma from the perinephric fat. 


mesangium and fed by the afferent arteriole and drained by 
an efferent arteriole. The glomerular tuft contains three types 
of cells: endothelial, mesangial, and epithelial (podocytes) 
cells. The glomerular visceral epithelial cells (podocytes) 
transition into the parietal epithelial cells that line Bowman 
space. These squamous-like cells form a complete layer on 
the inner surface of Bowman capsule. 

The juxtaglomerular apparatus is located at the vascular 
pole of the glomerulus. This structure is composed of spe- 
cialized epithelial cells, vascular smooth muscle cells, the 
macula densa of the distal tubule, and specialized cells of the 
extraglomerular mesangium (lacis cells). This complex struc- 
ture is responsible for regulating glomerular hemodynamics. 


Proximal Tubule 


The proximal tubule originates at the urinary end of the glom- 
erulus and includes both a proximal convoluted and a distal 
straight portion. The lining cells are cuboidal to columnar 


Figure 1-11 E Renal cortex. Normal renal cortex containing 
glomeruli and tubules of the proximal and distal nephron. 
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FiGURE 1-12 W Renal medulla. Normal renal medulla with 
distal tubules and collecting ducts. 


with densely eosinophilic cytoplasm. Ultrastructural exami- 
nation shows that the cells contain abundant mitochondria 
and have a prominent brush border. 


Loop of Henle 


The loop of Henle consists of a descending thin limb, an 
ascending thin limb, and an ascending thick limb. At the 
beginning of the descending thin limb, the proximal tubular 
cells change to a flattened inconspicuous squamous-like epi- 
thelium. In general, the cells throughout the thin limbs of the 
loop of Henle have nuclei that bulge into the tubular lumens 
and a surface that contains few to no microvilli. The thick 
ascending limb of the loop of Henle is considered to be part 
of the distal tubule. 


Distal Tubule 


The distal tubule includes three distinct components; the 
thick ascending limb, the distal convoluted tubule, and the 
macula densa. In the medullary portion of the thick ascend- 
ing limb, the lining consists of low cuboidal cells with eosin- 
ophilic cytoplasm and apically located nuclei. These cells 
have no brush border. The cells of the cortical segment are 
shorter but otherwise similar. In the distal convoluted tubule, 
the cells are also cuboidal with pale eosinophilic cytoplasm 
and closely packed nuclei. They have short microvilli along 
the surface. At the junction with the connecting tubule the 
cells are intermingled with the connecting tubule and inter- 
calated cells. 


Collecting Duct 


The collecting ducts begin in the cortex and make up much 
of the medullary rays as they descend and then pass into the 
medulla and finally terminate in the papilla. The collect- 
ing ducts are lined by two types of cells: the principal cells 
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Figure 1-13 E Normal his- 
tology ofthe nephron. Line drawing 
illustrating the various components 
of the nephron from the glomeru- 
lus to the collecting ducts. (From 
Bennington JL, Kradjian R. Renal 
Carcinoma. Philadelphia, PA: WB 
Saunders; 1967, with permission.) 


and the intercalated cells. The intercalated cells are largely 
restricted to the cortical and outer medullary segments of 
the collecting ducts. By light microscopy, both the principal 
cells and intercalated cells are cuboidal with pale cytoplasm 
and centrally located nuclei. The principal cells tend to get 
taller in the more distal portion of the collecting duct with 
the cells being columnar in the distal collecting ducts (ducts 
of Bellini). 


Interstitium 


The interstitium of the kidney includes a mixture of cells 
and stromal matrix. The predominant cell type within the 
interstitium is the fibroblast. The fibroblasts have specialized 
functions in different areas of the kidney. The medullary 
interstitial cell is a specialized lipid-laden fibroblast. These 
cells are involved in control of blood flow and produce pros- 
tanoids that have an antihypertensive effect.'? Other cells 
normally present are dendritic cells, macrophages, and lym- 
phocytes. The matrix includes many substances including 
types I, II, and VI collagen, fibronectin, and sulfated and 
nonsulfated glycosaminoglycans. 


Renal Sinus 


The junction between the renal cortex and the renal sinus 
fat is not well-defined by a fibrous capsule (Fig. 1-14). 
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Often there is a loose hypocellular connective tissue 
between the renal parenchymal tissue and the adipose tis- 
sue within the sinus. The sinus contains an abundance of 
thin-walled vascular and lymphatic channels embedded 
within the fat. 


Figure 1-14 W Renal sinus. In the area of the renal sinus 
there is no capsule separating the renal parenchyma from the sinus 
fat. Note tubular epithelium immediately adjacent to fat cells. 
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CONGENITAL ANOMALIES 


Congenital anomalies involving the kidney and urinary tract 
have become known under the general label “congenital abnor- 
malities of the kidney and urinary tract” or CAKUT.” The use 
of this broad umbrella recognizes that in many cases multiple 
anomalies are present and further that single gene mutations 
can give rise to diverse abnormalities.'* The frequency is 
3 to 6 per 1,000 births, and they are a significant cause of mor- 
bidity and mortality in the 1st year.'° Congenital anomalies are 
responsible for an estimated 50% of cases of end-stage renal 
failure in childhood and continue to be responsible for a small 
percentage in the 20- to 30-year-old age group.'°!” 


Renal Agenesis and Hypoplasia 
Renal Agenesis 


Clinical Features 
Renal agenesis refers to the complete absence of one or rarely 
both kidneys.!'* This can occur sporadically or in the setting 
of a large number of syndromes (Table 1-1). The majority of 
patients with renal agenesis have other abnormalities involv- 
ing the genitourinary tract.” In males, the most common 
organs involved are the epididymis, vas deferens, and seminal 
vesicle, with seminal vesicle cysts being among the more fre- 
quent. The association of unilateral renal agenesis with semi- 
nal vesicle cysts is known as Zinner syndrome.”' In females, 
the fallopian tube, uterus, and vagina can all have associ- 
ated abnormalities. Patients with unilateral agenesis may be 
asymptomatic and the abnormality found incidentally even in 
adulthood.” In other cases, it is symptoms related to an asso- 
ciated anomaly that bring the patient to medical attention. It is 
recommended that close evaluation of patients be undertaken 
when absence of a kidney is discovered incidentally.” 
Bilateral renal agenesis (Potter syndrome) occurs in 0.1 of 
1,000 births and is incompatible with life.''* The typical 
manifestation is severe oligohydramnios. Oligohydramnios, 
irrespective of cause, results in a characteristic phenotype 
that includes Potter facies; positional deformities of the hips, 
knees, and feet; and hypoplastic lungs (Fig. 1-15A and B). 
Infants with Potter syndrome are either stillborn or die 
shortly after birth due to respiratory failure. 


Table 1-1 SYNDROMES ASSOCIATED WITH 
RENAL AGENESIS 

Trisomy 13 

Trisomy 18 


Mullerian aplasia syndrome 
Fraser syndrome 

William syndrome 

Cloacal exstrophy 
Sirenomelia 

Hereditary renal dysplasia 
VATER syndrome 

Many others 
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Pathology 

The apparent absence of a kidney does not always indicate 
renal agenesis and ultimately the diagnosis of true renal 
agenesis requires confirmation of the absence of the kidney 
at autopsy or surgery. In unilateral agenesis, the remaining 
kidney may be significantly enlarged and hyperplastic. 


Renal Hypoplasia 


Clinical Features 

Renal hypoplasia is defined by the presence of kidneys that are 
significantly smaller than normal. The kidneys are normally 
differentiated and should be distinguished from abnormal small 
kidneys. The condition can result from deficient metanephric 
induction, metanephric blastema, or postnatal renal growth. 
Bernstein and Gilbert-Barness” have recognized three distinct 
categories of renal hypoplasia: oligonephric hypoplasia, sim- 
ple hypoplasia, and unirenicular hypoplasia. Simple hypopla- 
sia is rare and usually bilateral.*°’’ Clinical diagnosis is based 
on the identification of a significant reduction in kidney size 
(more than 2 standard deviations), no evidence of scarring by 
dimercaptosuccinic acid scan, and compensatory hyperplasia 
of the contralateral kidney.'* Confirmation does require patho- 
logic evaluation to exclude dysplasia. 

Oligonephric hypoplasia (oligomeganephronia) is charac- 
terized by severe polyuria and polydipsia developing before the 
age of 2 years. This is associated with dehydration, anorexia, 
failure to thrive, and growth retardation. The condition pro- 
gresses to renal failure before the age of 20 years and patients 
do well with renal transplantation. Mutations in the P4X2 gene 
have been described in some cases of oligonephric hypoplasia.” 

Segmental hypoplasia (Ask-Upmark kidney) is now con- 
sidered to be an acquired condition and is discussed later in 
this chapter. 


Pathology 

Gross Features. Both kidneys are affected except in cases 
associated with contralateral agenesis or dysplasia. They are 
smaller than normal with a mean weight of 20 g (Fig. 1-16). 
The lobes and the number of pyramids are usually reduced in 
number and the pelvis and calyces are normally formed. 


Microscopic Features. In simple hypoplasia, there may 
be reduced numbers of glomeruli, but the kidneys are oth- 
erwise morphologically normal. In oligonephric hypoplasia, 
there are reduced numbers of markedly enlarged glomer- 
uli (Fig. 1-17). Tubules are also enlarged and dilated with 
the formation of small cysts. The finding of any dysplastic 
changes excludes the diagnosis. 


Abnormalities in Form and Position 


Rotation Abnormality 


Clinical Features 

During development, the kidneys move from the pelvis into 
the abdomen and as part of that transition the kidneys rotate 
from an anterior-facing renal pelvis to the normal medial 
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Figure 1-15 W Potter syndrome. Infant born with bilateral renal agenesis. Characteristic features of the face include (A) the widely 
spaced eyes, flattened nose, prominent inner canthic folds, and the receding chin; (B) the lateral view highlights the flattened nose, receding 
chin, and the low set ears with little cartilage. 


orientation. This rotation can be disrupted with the renal pel- 
vis remaining oriented to the anterior or less frequently over 
rotation results in a more posterior orientation. These abnor- 
malities may have no clinical consequences and might be 
identified incidentally.” In others, the abnormal position of 
the renal pelvis and ureter may result in obstruction and the 
associated complications including hydronephrosis, obstruc- 
tive nephropathy, and lithiasis. 
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Figure 1-16 W Renal hypoplasia. The kidney is small but Figure 1-17 EŒ Oligomeganephronia. Enlarged glomeruli in 
largely retains a normal reniform shape. the setting of renal hypoplasia. 
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Figure 1-18 Malrotation. The right kidney is abnormally 
rotated, resulting in a flattened, disc shape. Note also the aberrant 
renal arteries. 


Pathology 

Malrotated kidneys are often abnormal in shape. Most 
characteristic is a flattened or discoid shape (Fig. 1-18). 
Microscopically the kidney is normal. Secondary changes 
related to obstruction and its consequences may be seen. 


Horseshoe Kidney 


Clinical Features 

Renal fusion refers to the joining of the two kidneys to form a 
single structure. The most common expression of renal fusion 
is the horseshoe kidney due to fusion of the lower poles of the 
two developing kidneys. This anomaly, which is more com- 
mon in males, occurs in 1:350 to 1:2,000 births.”°°° These 
are essentially all ectopic in location; the majority located 
anterior to the aorta and vena cava with others located pos- 
terior to the great vessels. The pelves face anterior. In many 
cases, there are additional abnormalities. Many of these 
remain asymptomatic unless complicated by nephrolithiasis 
and/or obstruction with its associated complications.*' Renal 
cell carcinoma develops in horseshoe kidneys in a frequency 
similar to normally located, nonfused kidneys.’ There is an 
apparent unusually high frequency of renal carcinoid tumors 
in horseshoe kidneys.” Squamous cell carcinoma has also 
been described in association with nephrolithiasis.*° 


Pathology 

The kidneys are typically fused at the lower pole and may or 
may not be associated with other abnormalities (Figs. 1-19 
and 1-20). The amount of renal parenchyma in the isth- 
mus is variable. The arterial supply is often anomalous. 
Abnormalities of the ureteral location are also common. The 
renal parenchyma is normal. Secondary changes resulting 
from obstruction and its complications may be present. 


Malposition (Renal Ectopia) 


Clinical Features 
Ectopic location of the kidney is a relatively common con- 
genital anomaly with an estimated prevalence of 1:1,000. 
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Figure 1-19 Horseshoe kidney. In this example, there is a 
fairly large isthmus at the lower poles, bilateral bifid ureters, and 
prominent fetal lobulations. 


The kidney can be located in the thorax but is more often 
located inferiorly in the pelvis. When the kidney is on the 
same side as the ureter and blood supply, the ectopy is termed 
simple; when located on the opposite side it is referred 
to as crossed. In crossed ectopy, fusion is also often pres- 
ent. Ectopy is frequently associated with other congenital 
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Figure 1-20 Horseshoe kidney. In this case the isthmus 
joins the lower pole of the right with the lower midportion on the left. 
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FiGure 1-21 E Crossed fused ectopia. There is a fused single 
kidney with two ureters. 


anomalies, including anomalies of the cardiovascular and 
central nervous systems. The malposition is typically asso- 
ciated with aberrant vascular and ureteral locations result- 
ing in obstructive phenomena. Many ectopic kidneys are 
dysplastic. If undetected in childhood, these may present in 
adulthood with pain, hematuria, recurrent infections, lithia- 
sis, and obstruction. Treatment depends on the specific type 
of ectopy and its clinical associations. 


Pathology 

Ectopic kidneys are often abnormally shaped with a disc- 
like appearance frequent in pelvic kidneys (Figs. 1-21 and 
1-22). The gross appearance reflects other associated abnor- 
malities. A wide range of microscopic features can range 
from essentially normal to dysplastic. 


CYSTIC DISEASES 


Cystic diseases of the kidney have long been considered 
among the most difficult to understand categories of kid- 
ney pathology that the surgical (or autopsy) pathologist is 
called upon to resolve. The past decade has seen remarkable 
growth in the understanding of the genetics and pathogenesis 
of this diverse group of conditions.’ These have been classi- 
fied in a variety of ways over the years. Table 1-2 outlines the 
diseases discussed in this section organized by whether they 
are known to be inherited, acquired, or uncertain. 


Figure 1-22 E Ectopia. The right kidney is located in the 
pelvis at the bifurcation of the aorta. There is also malrotation with 
the kidney having a disc-like shape. 


Cysts in Hereditary Syndromes 


Autosomal Recessive (Infantile) Polycystic 
Disease 


Genetics 

Autosomal recessive polycystic kidney disease is present in 
1 per 6,000 to 1 per 14,000 live births.’ It is inherited as an 
autosomal recessive defect, and the genetic defect has been 


Table 1-2 m CYSTIC DISEASES OFTHE KIDNEY 


Inherited disorders 
Autosomal recessive (infantile) polycystic kidney disease 
Autosomal dominant (adult) polycystic kidney disease 
Nephronophthisis 
Medullary cystic kidney disease 
von Hippel-Lindau disease 
Tuberous sclerosis 
Primarily nonhereditary disorders 
Multicystic renal dysplasia 
Glomerulocystic disease 
Medullary sponge kidney 
Simple cyst 
Acquired cystic kidney disease 
Segmental cystic disease 
Cyst-like lesions 
Pyelocalyceal diverticulum (cyst) 
Perinephric pseudocyst 
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localized to the PKHD1/ (polycystic kidney and hepatic dis- 
ease) gene on chromosome 6.*° This gene codes for the fibro- 
cystin/polyductin protein.*! The protein is localized to the 
primary cilium within renal epithelial cells of the collecting 
ducts. It is critical to ciliary function and within the cilium is 
primarily found in the basal body.” 


Clinical Features 

The clinical expression of the disorder is considered to 
represent a continuous spectrum; however, for practical 
purposes two general categories of expression predomi- 
nate.’ In the more common pattern, the presentation is 
with marked abdominal distension caused by gross renal 
enlargement at birth (Fig. 1-23). This may lead to intrapar- 
tum dystocia manifest as Potter syndrome.' These infants 
usually die shortly after birth secondary to pulmonary insuf- 
ficiency; therapy is generally supportive only.** In individu- 
als presenting later in childhood, the picture is dominated 
by both the renal disease and the associated hepatic fibrosis. 
Renal involvement is variable with about one-half retaining 
renal function and the remainder progressing to renal fail- 
ure.’ Hypertension may be severe and lead to heart failure. 
Hepatic fibrosis manifests predominantly as portal hyper- 
tension with bleeding esophageal varices being a common 
and frequently fatal complication“; liver function usually 


Figure 1-23 Autosomal recessive polycystic kidney dis- 
ease. In situ photograph of a neonate at autopsy. The markedly 
enlarged kidneys can be seen filling the abdomen and pelvis. Note 
the marked displacement of the liver upward resulting in severe com- 
promise of the chest cavity. The lungs were severely hypoplastic. 
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remains normal. Other associations include cholangitis and 
hypersplenism. Treatment in these patients may include 
renal transplantation and surgical shunting procedures for 
the portal hypertension.“ Recent clinical experience has 
demonstrated significant improvement in survival for these 
patients. Perinatal mortality is in the 30% to 50% range; for 
patients who survive past 30 days, a 5-year survival rate of 
up to 87% has been reported.** 


Pathology 

Gross Features. The kidneys are bilaterally grossly 
enlarged weighing up to 10 times normal in patients with 
severe disease (Fig. 1-24). A normal reniform shape is main- 
tained. The cortical surface is smooth with numerous small 
cysts (1 to 2 mm). The cut surface reveals radially arranged 
cylindrical cysts replacing the cortex and medulla with loss 
of definition of the corticomedullary junction (Fig. 1-25). In 
those individuals surviving into childhood, the findings are 
much more variable. The cysts tend to be fewer, more hap- 
hazardly distributed, and larger; the kidneys may be normal 
or enlarged.*° 


Microscopic Features. The pathogenesis of cyst formation 
is believed to be related to abnormal ciliary function.*’ The 
cysts in the cortex are elongate and fusiform with a cuboidal 
epithelial lining (Fig. 1-26). In the medulla, the shape of the 
cysts is more variable. The cysts originate from collecting 
ducts with the proximal tubules and glomeruli being spared. 
In patients diagnosed at an older age, the cysts tend to be 
much less uniform in appearance. Dysplastic elements such 
as immature tubules and cartilage are not found. 


Figure 1-24 Autosomal recessive polycystic kidney dis- 
ease. Bilateral kidneys at autopsy showing markedly enlarged kid- 
neys with normal reniform appearance. The long tubular cysts can 
be appreciated in this photograph to result in a radiating pattern 
outward toward the cortical surface (see Fig. 1-25). 
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Figure 1-25 W Autosomal recessive polycystic kidney dis- 
ease. Close-up view of the cut surface of the kidney illustrating the 
elongated fusiform cysts involving the cortex and medulla. 


Autosomal Dominant (Adult) Polycystic 
Kidney Disease 


Genetics 

Adult or autosomal dominant polycystic disease is among 
the most common inherited disorders with about 1 in 600 
to 1 in 1,000 persons being affected. The defective gene 


FIGURE 
disease. The elongated, saccular cysts are lined by a flattened to 
cuboidal epithelium. 


1-26 E Autosomal recessive polycystic kidney 


in 85% to 90% of cases has been localized to the short arm 
of chromosome 16 (PKD1, 16p13.3).°! The remaining cases 
are related to the PKD2 gene at 4q13-23 with evidence 
that a third gene PKD3 may also be involved.” The PKD/ 
and PKD2 genes encode for the polycystin 1 and polycys- 
tin 2 proteins, respectively. These proteins localize to the 
primary cilia of renal epithelial cells.’ The TSCZ gene is 
located near the PKD/ gene, and in some patients both genes 
are affected resulting in kidneys with overlapping features 
of tuberous sclerosis and autosomal dominant polycystic 
kidney disease.” 


Clinical Features 

There is a very high rate of penetrance, and most affected 
individuals will show some signs of the disease.** Autosomal 
dominant polycystic kidney disease is the most common 
inherited cause of end-stage renal disease in the United 
States. The majority of cases present in the third or fourth 
decades with development in infancy or childhood infre- 
quent. Ultrasound abnormalities are detectable in 85% of 
patients by age 25.°° In children, the kidneys are of normal 
size.” Most patients present with abdominal pain and palpa- 
bly enlarged kidneys; gross or microscopic hematuria and 
hypertension may also be present. In symptomatic patients, 
renal failure ensues on average 10 years after presentation. 
Associated abnormalities, particularly hepatic cysts with 
fibrosis and cerebral aneurysms, may also have significant 
clinical impact (Table 1-3).°* 

Treatment is symptomatic with dialysis or transplanta- 
tion required in about one-half of affected patients.>°°% 
The most common renal complications (excluding end- 
stage renal disease) are pain, hematuria, and infection. 
Hypertension develops in almost all patients and is a major 
part of the management required. In general, the native kid- 
neys are not resected as even limited function is considered 
valuable.“ The most common indications for native nephrec- 
tomy are recurrent infection, pain, persistent hematuria, and 
recurrent nephrolithiasis. Renal calculi complicate the con- 
dition in up to 35% of patients. For those with large calculi 
that fail medical management, open surgery or percutane- 
ous nephrolithotomy may be necessary. Understanding 
of the genetics of this disorder has identified a number of 


Table 1-3 Ææ EXTRARENAL MANIFESTATIONS OF 


AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY 
DISEASE (APPROXIMATE FREQUENCY) 


Hepatic cysts (>90%) 

Seminal tract cysts (40%) 
Bronchiectasis (85%) 

Pericardial effusion (35%) 

Mitral valve prolapse (25%) 
Abdominal hernia (10%) 
Intracranial aneurysms (8%) 
Arachnoid membrane cysts (8%) 
Spinal meningeal cysts (<2%) 
Pancreatic cysts (10%) 
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FiıGURE 1-27 WŒ Autosomal dominant polycystic kidney disease. Cellular changes with polycystic kidney disease. Components and 
pathways that are down-regulated and up-regulated are indicated. Potential treatments that target these defective pathways are shown in red. 
(From Harris PC, Torres VE. Polycystic kidney disease. Annu Rev Med 2009;60:325, with permission.) 


molecular pathways that are potential targets for therapy” 


(Fig. 1-27). In transplanted patients, the major causes of 
death are cardiovascular disease, infection, malignancies, 
and cerebrovascular causes.” 

The association with malignant tumors is controversial.” 
It has been estimated that the number of cases of renal cell 
carcinoma in patients with autosomal dominant polycys- 
tic kidney disease is no more than could be expected by 
chance. Other observations such as a higher incidence of 
multifocal and bilateral tumors in these patients indicate 
an increased risk of tumor development.” The frequent 
development of epithelial proliferations including papillary 
adenomas in these cysts also would support the latter point 
of view.”! 


Pathology 

Gross Features. Involved kidneys are diffusely enlarged, 
weighing on average 5 to 10 times the normal” (Fig. 1-28). 
There is diffuse involvement of the kidney parenchyma by 
unilocular cysts with the normal reniform shape of the kidney 


being generally maintained (Fig. 1-29). The cysts range from 
less than a millimeter to several centimeters. Most contain 
translucent clear to straw-colored fluid, but hemorrhagic 
fluid and blood clots may be present. The amount of inter- 
vening stroma depends on the degree of advancement of the 
process. 


Microscopic Features. The diagnosis of autosomal domi- 
nant polycystic kidney disease requires the demonstration 
of normal renal elements in the septa between the cysts 
(Fig. 1-30). These elements may be distorted by second- 
ary changes related to compression or pyelonephritis. The 
cysts affect any part of the nephron from the glomerulus to 
the distal collecting ducts.*4 The cysts are lined by flattened 
to cuboidal epithelial cells. In over 90% of kidneys, areas 
of epithelial hyperplasia can be identified within the cysts 
ranging from increased numbers of cell layers to papillary 
proliferations (Fig. 1-31A and B).” In some cases, the pap- 
illary proliferations can become more prominent and com- 
plex (Fig. 1-32). 
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FIGURE 1-28 E Autosomal 
dominant polycystic kidney disease. 
Bilateral nephrectomy specimen with 
markedly enlarged kidneys, normal 
reniform shape, and the external sur- 
face distorted by innumerable cysts 
of variable size. 
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Figure 1-29 EŒ Autosomal dominant polycystic kidney dis- 
ease. Cut surface of a kidney with innumerable cysts replacing the 
entire kidney. In this 57-year-old patient there is no grossly visible 
normal parenchyma. 


Medullary Nephronophthisis 


Genetics 

Nephronophthisis refers to multiple disease complexes 
having essentially identical pathologic findings and muta- 
tions involving the NPHP family of genes (NPHP1 to 
NPHP9).”-" These are also referred to as the juvenile, 
infantile, and adolescent forms. They are autosomal reces- 
sive inherited disorders.”*’* The pure renal juvenile form is 
related to a gene NPHP/ on chromosome 2q13” with an 
infantile form related to NPHP2 and an adolescent form to 
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Figure 1-30 WE Autosomal dominant polycystic kidney dis- 
ease. Several cysts with varying amounts of stroma containing 
residual renal parenchyma. In the wider septa residual normal epi- 
thelial elements are apparent. 
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Figure 1-31 E A,B: Autosomal dominant polycystic kidney 
disease. The photomicrograph shows several cysts with varying 
amounts of stroma and residual parenchyma between them. In one 
of the cysts, there are multiple small papillae protruding into the 
lumen. These are a relatively common finding and are covered by 


cuboidal epithelium without cytologic atypia. 


NPHP3. The NPHP3 gene has been implicated in a small 
subset of patients with the infantile form.” The NPHP 
genes code for a series of proteins known as nephrocys- 
tins that are expressed in primary cilia or centrosomes of 
renal epithelial cells (Fig. 1-33).”*° It has been suggested 
that this group of diseases is best classed as “ciliopa- 
thies.”*! Cysts presumably develop due to altered signaling 


Figure 1-32 Œ Autosomal dominant polycystic kidney dis- 
ease. Infrequently the papillae become more complex but retain the 
very bland cytologic features. The nature of these proliferations is 
unknown, but there is no evidence to suggest they have any clinical 
significance. 


pathways resulting in cell polarity and tissue maintenance 
abnormalities.*° 


Clinical Features 

The incidence varies geographically with approximately 
1 in 50,000 to 1 in 100,000 births affected in North America.” 
The presentation is dependent on the type. Both sexes are 
affected equally. The juvenile form is most common and 
is estimated to be responsible for 5% to 10% of cases of 
end-stage renal failure in children.” Most patients present 
between 4 and 6 years of age with polyuria and polydipsia 
related to a decrease in urinary concentrating ability and 
loss of sodium conservation. The diagnosis is confirmed by 
radiologic studies with renal parenchymal hyperechogenicity 
and loss of corticomedullary differentiation. Development 
of small medullary cysts occurs later. End-stage renal 
disease develops in the early teens but can occur later. In 
10% to 20% of patients, there are extrarenal manifestations 
with ocular, neurologic, liver, and musculoskeletal being 
most frequent (Table 1-4).%”> The adolescent form is asso- 
ciated with the development of end-stage renal disease at 
an older age (mean 19 years vs. 13 years for the juvenile 
form). The infantile form progresses to end-stage renal dis- 
ease much more rapidly, usually by 2 years of age. Clinically 
severe hypertension is common. 

Treatment is supportive with most patients developing 
end-stage renal disease requiring dialysis or transplantation 
within 5 to 10 years of diagnosis.** The disease does not 
recur after transplantation. 
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Tubular 
epithelium 


Figure 1-33 E Nephronophthi- 
sis. Schematic representation of a 
tubular epithelial cell and the subcel- 
lular localization of the nephrocystin 
proteins. Most of the nephrocystin 
proteins interact with one another 
forming a nephrocystin complex. 
(From Salomon R, Saunier S, Niaudet 
P. Nephronophthisis. Pediatr Nephrol 
2009;24:2338, with permission.) 


Pathology 


Gross Features. The process is bilateral with affected 
kidneys being normal or slightly smaller than normal with 
thinning of both the cortex and the medulla.** Cysts are 
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Microscopic Features. The cysts derive from the loop of 


multiple, <2 cm in size, and are concentrated at the cortico- 
medullary junction but may involve the medulla and pyra- 
mids (Fig. 1-34).°° In the infantile form the kidneys can be 
enlarged mimicking autosomal recessive polycystic kidney 
disease. In some cases no cysts are recognizable grossly. 


Table 1-4 E EXTRARENAL 


OF NEPHRONOPHTHISIS 


MANIFESTATIONS 


Ocular 
Retinitis pigmentosa 
Coloboma 
Isolated oculomotor apraxia 
Nystagmus 
Ptosis 
Neurologic 
Mental retardation 
Cerebellar ataxia 
Hypopituitarism 
Liver 
Fibrosis 
Biliary duct proliferation 
Skeletal 
Short ribs 
Phalangeal cone-shaped epiphyses 
Postaxial polydactyly 
Skeletal dysplasia 
Other 
Situs inversus 
Cardiac malformations 
Ectodermal dysplasia 


Henle, distal convoluted tubules, and collecting ducts and 
are lined by a flattened to squamous type of epithelium. 
The remainder of the parenchyma shows diffuse interstitial 


86,87 


Figure 1-34 WŒ Nephronophthisis. Kidney from a patient 
with juvenile nephronophthisis showing multiple small cysts within 
the renal medullary pyramids. 
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fibrosis, tubular basement membrane thickening, atrophic 
dilated tubules, periglomerular fibrosis, and numerous scle- 
rotic glomeruli resulting in features similar to that found in 
chronic pyelonephritis. The dilated tubules contain Tamm- 
Horsfall protein. Ultrastructurally the tubular basement 
membranes show patchy basement membrane thickening 
with duplication alternating with areas of splitting and thin- 
ning. The basement membrane changes are seen in the juve- 
nile and adolescent but not the infantile forms.” 


Medullary Cystic Disease 


Genetics 

This is inherited as an autosomal dominant disease that 
includes two and possibly a third gene. Medullary cystic dis- 
ease was first linked to a gene on chromosome | q21-q23 that 
is now known as the medullary cystic kidney disease 1 gene 
(MCKD1); however, the specific gene involved has not yet 
been identified. A second gene, MCKD2, has been local- 
ized to chromosome 16p12.® This is also the site of muta- 
tion in familial juvenile hyperuricemic nephropathy and 
some cases of glomerulocystic disease. The MCKD2 gene 
codes for the protein uromodulin (Tamm-Horsfall protein). 
The specific type of mutation of the uromodulin gene has a 
modest effect on kidney survival.” A third possible gene at 
1q41 has been proposed.” 


Clinical Features 

Medullary cystic disease and nephronophthisis have similar 
clinical features. Patients present with polydipsia and polyuria, 
have cysts at the corticomedullary junction and in the medulla, 
and ultimately can develop end-stage renal disease. The mean 
age for the development of end-stage renal failure (type 1, 
62 years; type 2, 32 years) is older than for nephronophthisis.” 
The clinical features are quite variable. There is a known associ- 
ation with hyperuricemia and gout.” The cysts are often clini- 
cally undetectable and are bilateral in a minority of patients. 


Pathology 

Gross Features. There is considerable overlap in the 
pathologic features of medullary cystic disease and neph- 
ronophthisis. The kidneys are normal to slightly small with 
cysts localized to the corticomedullary junction and the 
medulla (Fig. 1-35). The cysts tend to be smaller than in 
nephronophthisis. 


Microscopic Features. The findings are similar to neph- 
ronophthisis described above including the characteristic 
basement membrane changes. In type 2 medullary cystic 
kidney disease, immunohistochemistry for thrombomodulin 
demonstrates abnormal dense deposits in the renal tubular 
epithelial cells.” Because of the association with hyperuri- 
cemia, changes of gouty nephropathy might also be present. 


von Hippel-Lindau Disease 


Genetics 
von Hippel-Lindau disease is inherited as an autoso- 
mal dominant genetic disorder due to a defect in the von 
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Figure 1-35 WŒ Medullary cystic disease. Kidney showing 
multiple cysts within the renal medullary areas. 


Hippel-Lindau gene (VHL) located at 3p25-p26.°°* It occurs 
in one of every 30,000 to 50,000 live births.” Different types 
of mutations have been identified with specific patterns of 
expression.” Truncating mutations are associated with all 
the typical features of the disease except the development 
of pheochromocytoma (type 1). In contrast, missense muta- 
tions result in a high risk for the development of pheochro- 
mocytoma (type 2).°° 


Clinical Features 

Renal cysts are detected in up to 75% of affected individu- 
als.°”' In addition to renal tumors, patients also develop 
tumors of the adrenal gland (pheochromocytoma), pancreas 
(islet cell tumors, serous cystic tumors), central nervous 
system (hemangioblastoma), petrous bone (endolymphatic 
sac tumors),'”' and retina (angioma). Males and females can 
have papillary cystadenoma of the epididymis and the broad 
ligament, respectively (Table 1-5). Renal cell carcinoma 
develops in about 50% of patients with many having mul- 
tiple bilateral tumors.?7!!° 


Pathology 

Gross Features. The kidneys are generally normal in 
size unless involved by large tumors. Several lesions occur 
in the kidney including benign cysts, cysts with intracys- 
tic tumor formation, adenomas, and renal cell carcinoma 
(Fig. 1-36).!°'! The cysts can be unilateral or bilateral and 
are variable in size but are generally small (<5 cm). Larger 
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Table 1-5 Ææ EXTRARENAL MANIFESTATIONS 


OF VON HIPPELLINDAU DISEASE 


Cerebellar hemangioblastoma 

Retinal hemangioblastoma 

Spinal hemangioma 

Ependymoma 

Endolymphatic tumor of the inner ear 
Pancreatic cysts 

Pancreatic serous cystadenoma 
Pancreatic islet cell tumors 

Hepatic cysts 

Hepatic adenoma 

Splenic cysts 

Splenic angioma 

Epididymal papillary cystadenoma 
Broad ligament papillary cystadenoma 
Café au lait spots (skin) 

Syringobulbia 

Syringomyelia 


cysts can be multilocular. Tumors are typically multifo- 
cal with a variegated appearance (Fig. 1-37). In a study of 
33 kidneys from 23 patients with von Hippel-Lindau dis- 
ease, 190 solid lesions were identified.’ 


Microscopic Features. The cysts are lined by an attenu- 
ated epithelium or cuboidal to columnar cells with clear to 
eosinophilic cytoplasm (Figs. 1-38 and 1-39). These may 
show stratification, and even solid nodules of clear cell renal 
cell carcinoma can be found inside the cysts." In 138 cys- 
tic lesions examined microscopically by Paraf et al.,'°° 103 
(75%) were simple cysts, 20 (14%) were atypical with a mul- 
tilayered clear cell epithelium, and 15 (11%) were cystic clear 
cell renal cell carcinomas. Hemorrhage into the cysts is com- 
mon, and hemosiderin-laden macrophages can be present in 
the cyst lumen or surrounding fibrous tissue. The clear cells 
lining the cysts have an immunohistochemical expression 
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Figure 1-36 W vonHippel-Lindau disease. Bilateral nephrec- 
tomy from a young woman showing multiple variably sized cysts 
and multiple clear cell renal cell carcinomas. 


Figure 1-37 E von Hippel-Lindau disease. Cut surface of a 
nephrectomy specimen illustrating multiple cysts with the develop- 
ment of tumors evident within several of the cysts. 


profile similar to that of clear cell renal cell carcinoma. In a 
study of grossly normal renal parenchyma, Walther et al.!°’ 
found numerous microscopic abnormalities ranging from 
cysts to tumors. Based on these findings, the authors esti- 
mated that the average kidney in von Hippel-Lindau disease 
contains approximately 1,000 small cysts and 600 small 
tumors.'°’ The parenchyma can contain microscopic foci of 
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Figure 1-38 E von Hippel-Lindau disease. Multiple variably 
sized cysts lined by flattened epithelium. There are changes second- 
ary to chronic pyelonephritis in the background. 
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Figure 1-39 W von Hippel-Lindau disease. Example of a 
cyst lined by clear cells with morphologic features typical of the 
cells of clear cell renal cell carcinoma. 


clear cell proliferation, and individual abnormal clear cells 
can be present within tubules (Fig. 1-40). These also have 
an immunohistochemical profile similar to that of clear cell 
renal cell carcinoma. 


Tuberous Sclerosis 


Genetics 

The tuberous sclerosis complex is an autosomal dominant 
inherited disorder with a high (95%) degree of penetrance. !°® 
The prevalence is estimated at 1:11,000 births.!” The disease 
is due to germline mutations of the TSCZ (9q34) or TSC2 
(16p13.3) genes.'!°''! The disease manifestations tend to be 
less severe in the TSCI/-related cases.'” The protein prod- 
ucts of the ZSC/ and TSC2 genes are hamartin and tuberin, 
respectively. The adult polycystic kidney disease gene PKD1 


Figure 1-40 W von Hippel-Lindau disease. Tiny focus of 
clear cell renal cell carcinoma. Note the edge of a small cyst in 
the right lower corner that is lined by clear cells similar to those 
illustrated in Figure 1-39. 
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Table 1-6 m MANIFESTATIONS OF TUBEROUS 


SCLEROSIS COMPLEX 


Major features 
Renal angiomyolipoma 
Lymphangioleiomyomatosis 
Facial angiofibroma 
Ungula and periungual fibroma 
Hypomelanotic macules 
Shagreen patches 
Retinal hamartoma and astrocytoma 
Cortical tubers 
Subendymal nodules and giant cell astrocytoma 
Cardiac rhabdomyoma 


Minor features 
Renal cysts 
Hamartomatous rectal polyp 
Bone cysts 
Cerebral white matter migration lines 
Gingival fibroma 
Enamel dental pits 
Retinal achromic patches 
Confetti skin lesions 


is located in the immediate vicinity of the TSC2 gene and in 
some patients both genes are affected resulting in features 
of both conditions being found in the same kidney (TSC 2/ 
ADPKDI contiguous gene syndrome). The TSC1 and 
TSC2 proteins have a critical role in cell proliferation and 
death through mTOR-dependent and mTOR-independent 
signaling pathways." 


Clinical Features 

Tuberous sclerosis is a complex disease characterized by 
multiple manifestations involving multiple organs.'!*'' 
Currently the diagnosis of tuberous sclerosis is defined by a 
combination of major and minor features (Table 1-6).''° The 
diagnosis requires two or more distinct lesions rather than 
multiple single lesions in one organ. Although the clinical 
picture is often dominated by neurologic complications such 
as mental retardation and seizures, the renal lesions are sig- 
nificant. The combination of cysts and angiomyolipomas may 
reduce the functional renal mass and result in renal failure. 
In the TSC2/ADPKDI1 contiguous gene syndrome, severe 
cystic kidney disease may be present at birth.'!’ Second, 
angiomyolipomas can become large and can be complicated 
by retroperitoneal hemorrhage. Finally these patients have a 
significantly increased risk for the development of renal cell 
carcinoma at a young age including in children.''* Targeted 
therapies hold promise in the treatment of the associated 
neurodevelopmental disorders, angiomyolipoma, and other 
manifestations of this disease.'!?"'?! 


Pathology 

Gross Features. Indications for nephrectomy in patients 
with tuberous sclerosis are usually an enlarging angiomyo- 
lipoma or the presence of a solid tumor suspicious for renal 
cell carcinoma. The combination of characteristic cysts 
and angiomyolipomas is typical of this inherited disorder 
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Figure 1-41 E Tuberous sclerosis. Nephrectomy specimen 
with multiple angiomyolipomas (small yellow nodules). The large 
tumor is an epithelioid angiomyolipoma with rupture and a retro- 
peritoneal hemorrhage. 


(Fig. 1-41).'?2!*3 In one study, 80% of children with tuber- 
ous sclerosis developed renal lesions by age 10 with angio- 
myolipomas (75%) being more common than cysts (17%).!4 
Approximately 50% of patients develop renal cysts. The 
cysts are generally small and can be located in the cortex and 
medulla. There may only be a few cysts or they can be suf- 
ficiently numerous to produce a sponge-like appearance. The 
tumors range from a few millimeters to several centimeters 
and have a variable appearance depending on the proportion 
of the components; hemorrhage is common. 


Microscopic Features. The cysts are characteristically 
lined by tall cells with granular eosinophilic cytoplasm and 
large nuclei resembling proximal tubular epithelial cells 
(Figs. 1-42 and 1-43). Pseudostratification and papillary tuft- 
ing can be present (Fig. 1-44).'*5 Cysts involving the glom- 
eruli are also a characteristic feature. The cysts can contain 
eosinophilic secretions. In the absence of grossly visible 
tumors, there are frequently microscopic angiomyolipomas 
(Figs. 1-45 and 1-46). The pathology of the tumors in tuber- 
ous sclerosis is covered in detail in Chapter 2. 


Multicystic Renal Dysplasia 


Although the pathogenesis continues to be the subject of 
debate, it is generally accepted that most cases of renal 
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Figure 1-42 Œ Tuberous sclerosis. Cyst lined by cells with 
moderate to abundant amphophilic cytoplasm. 


dysplasia are related to urinary tract obstruction or urinary 
reflux during kidney development.: Multicystic dysplas- 
tic kidneys are also a feature of many genetic disorders 
(Table 1-7).!4°? 


Clinical Features 

Renal dysplasia is defined by the presence of abnormal renal 
organization with abnormal differentiation of metanephric 
elements. An associated urinary tract anomaly is identifiable 
in up to 90% of affected individuals; among the most fre- 
quent are ureteral atresia and urethral valves. In dysplasia 
related to reflux, the changes can be focal and the kidney can 
retain some level of function; otherwise, dysplastic kidneys 
are characteristically nonfunctional. 

Multicystic dysplastic kidneys present as a flank mass 
in newborns and the diagnosis can be confirmed by ultra- 
sound.°””° In up to 40% of affected patients, there are con- 
tralateral urinary tract abnormalities.” Nephrectomy has 


Figure 1-43 E Tuberous sclerosis. High-power photomicro- 
graph of the lining epithelium in a cyst. 
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Figure 1-44 E Tuberous sclerosis. In this cyst the lining epi- 
thelium is pseudostratified and shows cytoplasmic clearing. 


been the standard therapy, but conservative treatment with 
careful monitoring for possible tumor development is an 
alternative.” Nephroblastoma and renal cell carcinoma 
arising in dysplastic kidneys are described.!”*°° Intrauterine 
diagnosis with subsequent treatment prior to birth has been 
tried with varied success. 


Pathology 

Gross Features. Most dysplastic kidneys are small, abnor- 
mally shaped, and have multiple cysts (Figs. 1-47 and 1-48).!3! 
In other cases, the dysplastic kidney consists of only a small 
nodule of rudimentary metanephric tissue. The cysts in dys- 
plastic kidneys communicate,'* and their size and location 
may correlate with the level of the obstruction.'** Dysplasia 
can be segmental or focal.!*+°5 


Microscopic Features. The histologic hallmarks of dys- 
plastic kidneys are lobar disorganization, primitive ducts, and 
metaplastic cartilage'** (Fig. 1-49). There is only primitive 


Figure 1-45 W Tuberous sclerosis. A small subcapsular angi- 
omyolipoma that is composed entirely of smooth muscle. 
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Figure 1-46 W Tuberous sclerosis. A small intraparenchymal 
angiomyolipoma with fat and smooth muscle. 


development of the renal medulla. Collecting ducts are sur- 
rounded by a thick fibromuscular collar and may become 
cystic (Fig. 1-50). Small nests of hyaline cartilage are found 
in the cortex but not in all cases (Fig. 1-51). Nodules of 
renal blastema may be present (Fig. 1-52).!”°5! The presence 
of keratinizing squamous epithelium has been described 
(Fig. 1-53),'37138 


Glomerulocystic Disease 


Glomerular cysts are defined by dilation of Bowman space to 
two or three times the normal size. Glomerulocystic kidney 


Table 1-7 MALFORMATION SYNDROMES 
ASSOCIATED WITH RENAL DYSPLASIA 
Syndrome Gene(s) 

Alagille syndrome JAG1, NOTCH2 
Bardet-Biedl syndrome BBS1-BBS11 
Branchiootorenal syndrome EYA1, SIX1, SIX2 
Di George syndrome Del. 22q11 
Hypothyroidism, sensorial deafness, GATA3 


renal anomalies 
Fraser syndrome 


FRAS1, FREM2 


Kallmann syndrome KALL1, FGFR1 
Renal cysts and diabetes syndrome TENRA 
Simpson-Golabi-Behmel syndrome GREE 
Smith-Lemli-Opitz syndrome DHCR7 
Townes-Brocks syndrome SALL1 
Cornelia de Lange syndrome NIPBL 
Zellweger syndrome PEX family 
Palliste-Hall syndrome GLI3 
Beckwith-Wiedemann syndrome p57(KIP2) 
Meckel-Gruber syndrome Unknown 


Adapted from Sanna-Cherchi S, Caridi G, Weng PL, et al. Genetic 


approaches to human renal agenesis/hypoplasia and dysplasia. Pediatr 


Nephrol 2007;22:1675-1684. 
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Figure 1-49 Œ Multicystic dysplasia. This is an example of 
segmental cystic dysplasia with preserved renal parenchyma, cysts, 
and immature stroma with entrapped tubules. 


Figure 1-47 Œ Multicystic dysplasia. The kidney consists of 
a small irregularly, somewhat reniform shaped piece of soft tissue. 
The cysts are not grossly visible on the surface. There is an associ- 
ated bifid hydroureter. 
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Figure 1-50 WŒ Multicystic dysplasia. Small tubules are sur- 
rounded by a cuff of immature stroma. 


Figure 1-48 WŒ Multicystic dysplasia. In this example, the 
residual kidney is almost entirely cystic with little solid tissue. lage within loose fibrous connective tissue. 
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Figure 1-52 W Multicystic dysplasia. In this example, there 
is a nephrogenic rest with adjacent tubules and loose fibrous con- 
nective tissue. 


disease as an entity is reserved for inherited types of the 
disease. The major form is inherited as an autosomal domi- 
nant condition. The subtypes include (i) autosomal dominant 
glomerulocystic kidney disease related to uromodulin gene 
(UMOD) mutations, (ii) familial hypoplastic glomerulocystic 
kidney disease due to mutations in the TCF2 gene (hepatocyte 
nuclear factor 1B), and (iii) other genetic causes.'*? Glomerular 
cysts occur in a wide range of other conditions including 
autosomal dominant polycystic kidney disease, autosomal 
recessive kidney disease, numerous syndromes, and urinary 
obstruction with or without dysplasia (Table 1-8).'%° 


Clinical Features 

The clinical significance is dependent on the underlying eti- 
ology. Diagnosis is made by radiology examination. In the 
fetus and neonate, differentiation from other cystic diseases 
may not be possible.’ In the inherited types, the disease 
may present early or late. In early onset, renal insufficiency 


Figure 1-53 Œ Multicystic dysplasia. In this unusual case, 
the lining of a cyst shows keratinizing squamous metaplasia. 
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Table 1-8 m CONDITIONS WITH GLOMERULAR 


CYSTS 


Glomerular cystic kidney diseases (inherited) 
Autosomal dominant glomerulocystic kidney disease 
Familial hypoplastic glomerulocystic kidney disease 
Other inherited variants 


Other inherited conditions and syndromes 
Autosomal dominant polycystic kidney disease 
Autosomal recessive polycystic kidney disease 
Tuberous sclerosis 
von Hippel-Lindau disease 
Familial juvenile nephronophthisis 
Congenital nephrotic syndrome of the Finnish type 
Many others 


Glomerular cysts in dysplastic kidneys 
Renal dysplasia associated with congenital obstruction 
Zellweger syndrome 
Meckel syndrome 
Many others 


Miscellaneous other conditions 
Hemolytic uremic syndrome 
Systemic lupus erythematous 
Sjogren syndrome 
And many others 


Adapted from Lennerz JK, Spence DC, Iskandar SS, et al. Glomeru- 
locystic kidney: one hundred-year perspective. Arch Pathol Lab Med 
2010;134:583-605. 


develops in infants. Progression to end-stage renal disease 
occurs over a highly variable period of time. In more aggres- 
sive cases, renal failure can occur within 3 years of diagno- 
sis." In adults, the disease is usually asymptomatic and an 
infrequent cause of end-stage renal disease. 


Pathology 

Gross Features. In cases associated with autosomal domi- 
nant or autosomal recessive kidney disease, the gross fea- 
tures are those of the associated condition. In the inherited 
forms, the kidneys may be enlarged with variable numbers 
of small cysts (1 to 3 mm) grossly visible. 


Microscopic Features. By definition the glomerular space 
is two to three times the normal size. The cysts are variable in 
size. In even large cysts, small residual glomerular tufts may 
be identifiable (Fig. 1-54). In cases related to other disorders, 
the histopathology of that condition is present (Table 1-8). 


Medullary Sponge Kidney 


The etiology of medullary sponge kidney is unknown.” The 
GDNF gene has been implicated as having a role.'*! There 
is no evidence that it is an inherited condition although the 
hypothesis that papillary duct ectasia is a congenital anomaly 
is favored.” It has been described in association with Marfan 
syndrome, Ehlers-Danlos syndrome, and Caroli disease. 


Clinical Features 
Medullary sponge kidney is a sporadic condition found in 
1:5,000 live births.'*? Males and females are affected equally, 
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Figure 1-54 W Glomerulocystic disease. An example of a 
glomerular cyst in a case of adult polycystic kidney disease. 


and it is seen in association with hemihypertrophy in about 
10% of cases.’ The condition is usually asymptomatic and 
is discovered incidentally in children or in patients in their 
third or fourth decades presenting with renal lithiasis!**"*; 
the latter occurs in about 50% of patients.'*° Diagnosis is 
usually made by computed tomographic urography.'*” These 
patients rarely progress to chronic renal failure but complica- 
tions such as recurring urolithiasis, pyelonephritis, and septi- 
cemia may cause significant clinical problems.'** Treatment 
is generally directed at the complications. 


Pathology 

Gross Features. The kidneys are normal or slightly enlarged 
in most cases. The cysts are small (<5 mm) and localized 
to the medullary pyramids and papillary tips (Fig. 1-55).!4° 
Small calculi are often present within the cysts." 


Microscopic Features. The cysts derive from the collect- 
ing ducts; in addition to cysts, ectatic ducts in the papillae 
are also present. The cysts are lined by urothelial, colum- 
nar, or squamous epithelium.'**'”? Interstitial fibrosis and 
inflammation are present, and features resembling dysplasia 
including cartilage can be found.'# 


Simple Cysts 


The cysts are believed to develop from diverticula that 
are thought to arise in the distal convoluted or collecting 
tubules.!® These increase in frequency with advancing age, 
correlating with the increasing occurrence of cysts.'*! 


Clinical Features 

Simple renal cysts have an increasing prevalence with 
advancing age and are found in up to 50% of kidneys at 
autopsy.'*'!>? Simple cysts can be single or multiple and 
are often unilateral. These are usually asymptomatic and 
their major significance lies in differentiating them from 
renal neoplasms. In most instances, this is accomplished 


Figure 1-55 Æ Medullary sponge kidney. The kidney shows 
several small cysts that include several at the corticomedullary 
junction. 


by radiologic evaluation but some cases are aspirated and 
others require surgical exploration. Symptomatic cysts have 
been managed by multiple approaches including percutane- 
ous aspiration, sclerotherapy, cyst decortication, cystectomy, 
and cystoretroperitoneal shunt.!°*!%> 


Pathology 

Gross Features. The cysts may be solitary or multiple and 
typically are unilocular although a multilocular appearance 
can be seen (Fig. 1-56A and B). Most are under 5 cm, but 
much larger cysts have been described. The fluid is under 
tension and is straw-colored. Cysts can be hemorrhagic or 
may become infected (Fig. 1-57). The inner lining is most 
often smooth and glistening; a shaggy, irregular surface and/ 
or a thick wall should heighten suspicions of a malignant 
tumor. 


Microscopic Features. The cysts are lined by a flattened 
single-layered epithelium that can be difficult to demonstrate 
in larger lesions (Fig. 1-58). There may be associated atrophy 
of adjacent renal parenchyma with fibrosis, but in general the 
kidney is not diseased other than age-related changes. The 
lack of renal disease is helpful in distinguishing this from 
acquired cystic kidney disease. Cases complicated by hem- 
orrhage or infection can have a thickened wall with hemosid- 
erin-laden macrophages and a mixed inflammatory infiltrate 
(Fig. 1-59). 
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Figure 1-56 W Cortical cyst. A large, intact benign cortical cyst can be seen bulging from the external surface of the kidney (A). The 


opened cyst shows a thin translucent lining (B). 


Figure 1-57 W Cortical cyst. This is an example of a benign 
cortical cyst complicated by intracystic hemorrhage. 


Acquired Cystic Disease 


Acquired cystic disease is a well-described complication of 
hemodialysis and peritoneal dialysis but can also occur in 
patients with prolonged azotemia without dialysis.'°%°!? It 
can develop on a background of any chronic renal disease 
and is seen in up to 50% of all patients on hemodialysis.’ 
The incidence increases with increasing time on dialysis.'*! 
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Figure 1-58 W Cortical cyst. The lining of an uncomplicated 
cyst has a flattened epithelium and a thin wall of connective tissue. 
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Figure 1-59 W Cortical cyst. The wall of this cortical cyst 


is thickened with dense fibrous tissue, and there is an associated 
chronic inflammatory infiltrate. 


The pathogenesis remains unknown with many theories hav- 
ing been presented over the years.'*” 


Clinical Features 

The diagnosis requires the demonstration of a minimum of 
five renal cysts in each kidney of patients with end-stage renal 
disease.!°? Most patients have no symptoms directly related 
to the development of acquired cystic disease. If symptoms 
do develop, they usually relate to bleeding resulting in gross 
or microscopic hematuria and rarely significant retroperi- 
toneal, subcapsular, or intrarenal hemorrhage.’ Of most 
importance is the association with the development of 
renal cell carcinoma.'*® Chronic dialysis and acquired cys- 
tic disease are associated with an estimated 10- and 50-fold 
increased risk of renal cell carcinoma, respectively. 156-163-165 
Acquired cystic disease does not require specific treatment. 
Most authors advocate periodic imaging studies with com- 
puted tomography to evaluate for the development of car- 
cinoma. In the past, nephrectomy has been recommended 
if a tumor larger than 3 cm develops; more recently, early 
detection and treatment has been stressed.'®*'®’ Interestingly, 
transplantation reduces the risk of tumor development even 
with the native kidneys left in situ.'*’ Renal cell carcinoma 
can also develop in acquired cystic disease occurring in 
allografts.!** Surgical intervention may also be indicated in 
some cases complicated by hemorrhage. 


Pathology 

Gross Features. In most cases, the kidneys are smaller 
than normal although there is a wide variation in size 
(Figs. 1-60 and 1-61). In rare cases, the kidney can be 
enlarged.'® The number of cysts is highly variable, and a 
minimum of five is recommended as a diagnostic criterion 
to separate this from simple cysts.'*? The cysts can occur 
anywhere but are predominantly cortical. Size ranges from 
a few millimeters to several centimeters; however, most are 
small (2 mm or less).'® The cysts contain translucent fluid, 


Figure 1-60 W Acquired cystic disease. The cut surface of this 
relatively normal sized kidney shows multiple cysts. The cysts are 
varied in size and in one a multilocular architecture is present (upper 
left). Histologically this was a clear cell papillary renal cell carcinoma. 


but hemorrhage may be seen. In 15% of kidneys, single or 
multiple grossly visible tumor nodules are present and in 5% 
these are more than several centimeters in size (Fig. 1-61). 
Such lesions should be well-sampled for histologic evalua- 
tion, particularly any hemorrhagic or yellow tumors that are 
more likely to represent clear cell carcinoma. 


Microscopic Features. The cysts can arise from any part of 
the tubular structure including proximal and distal tubules 
and collecting ducts (Fig. 1-62). The kidney parenchyma 
shows changes of end-stage renal disease with interstitial 
fibrosis, sclerotic glomeruli, and atrophic tubules. In patients 
on dialysis, calcium oxalate crystal deposition is present 
in most cases (Fig. 1-63). The cysts are lined by a single- 
layered cuboidal to columnar epithelium that can show a 
range of hyperplastic changes up to and including formation 
of adenomas and carcinomas!!!” (Figs. 1-64 and 1-65). 
Atypical epithelial proliferations within cysts have been 
shown to have cytogenetic abnormalities including gains in 
chromosomes 7, 12, 17, 20, and Y, supporting the hypoth- 
esis that these represent the precursor of at least some of the 
tumors that develop in these kidneys.'” Papillary adenomas 
are a frequent finding in the renal parenchyma (Fig. 1-66). 
Tumors may develop within the cysts or in the adjacent 
parenchyma.'” The pathology of neoplasms developing in 
this setting is described in detail in Chapter 2. 
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Figure 1-61 W Acquired cystic disease. In this example the 
kidney is small and contains multiple cysts. There is a hemor- 
rhagic tumor arising within a cyst in the lower pole. Histologically 
the tumor was an acquired cystic disease—associated renal cell 
carcinoma. 
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Figure 1-62 E Acquired cystic disease. Several cysts in this 
image are lined by a single- to multilayered cuboidal epithelium. 
There is fibrotic stroma between the cysts that contains several cal- 
cium oxalate crystal deposits. 
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Figure 1-63 E Acquired cystic disease. Calcium oxalate crys- 
tals as seen with polarized light. 
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Figure 1-64 E Acquired cystic disease. One of the cysts in 
this photomicrograph is lined by cells with moderate amphophilic 
cytoplasm and large nuclei that contain prominent nucleoli. 


$ Pedi = 
aa ` DS 
BE ’ ” A 
s X i 5 Di 
S F 5 
P eF 4 
rt i F EA 
a e A 
Svp b” ? as 
Jo b « we 
- f 7 , = | 
4 ~- P | 
A A Aep iy pi A, 
< > ta" 
E 4 M X 2 Ne <S 
* = -a'y 
F og all Ne ae 
>i r ees, d =a 
P rd 7 > > ad de KJ Any 
= = ~ 
hg 5 
ne eS 2 oi 
> ute S 
s A 4 ? Ayan AA 
i tures a 
7 T » 


5 


Figure 1-65 W Acquired cystic disease. An example of a 
cyst lined by a pseudostratified epithelium. The cells have abun- 
dant eosinophilic cytoplasm and cytoplasmic vacuoles producing a 
sieve-like appearance. 
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Figure 1-66 WŒ Acquired cystic disease. Papillary adenoma 
developing in a kidney with acquired cystic disease. 


Other Cystic Diseases 


There are numerous other conditions that may include the 
presence of cysts in the kidney.” Cystic neoplasms are 
described in detail in Chapter 2. There are a few lesions that 
occasionally present as renal masses and that can cause diag- 
nostic difficulty and warrant brief discussions. 


Segmental Cystic Disease 
Unilateral and partial renal involvement by multiple cysts 
has been reported under a variety of terms including uni- 
lateral polycystic kidney disease, localized cystic disease, 
and segmental cystic disease.!%!”> The lesion is not inher- 
ited and is unrelated to adult polycystic kidney disease. The 
etiopathogenesis is unknown. It can be symptomatic with 
hematuria, flank pain, and an abdominal mass but often is 
discovered incidentally. The complex cystic renal mass can 
mimic a renal tumor on imaging studies. 

Grossly these can appear as a relatively circumscribed 
mass mimicking cystic nephroma, multilocular cystic clear 


Figure 1-67 WŒ Segmental cystic disease. The cut surface of 
the kidney shows three or four relatively discrete areas with exten- 
sive cyst formation that are separated from each other by normal 
appearing parenchyma. 


cell renal cell carcinoma, or tubulocystic carcinoma 
(Fig. 1-67). Because these represent multiple cysts that are 
closely packed, the septa between the cysts contain normal 
elements of the nephron including tubules and glomeruli 
(Fig. 1-68A and B). Recognition of this feature is the key 


Figure 1-68 WE Segmental cystic disease. The cysts are separated from each other by fibrous septa that in many locations contain 


normal tissues including glomeruli and tubules (A and B). 
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Figure 1-69 W Pyelocalyceal pseudocyst. There is a cys- 
tic structure in the renal sinus area that is lined by a fibrous wall. 
Microscopically there was no epithelial lining. 
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to reaching a correct diagnosis. The possibility of segmen- 
tal cystic renal dysplasia should also be considered as it can 
present in adult patients." 


Pyelocalyceal Diverticula 

These lesions are typically seen in children and present as 
filling defects in the pelvis or calyces on excretory urog- 
raphy or as cysts on imaging studies.'” They normally 
communicate with the renal pelvis or calyx and are lined 
by urothelium. Squamous metaplasia can occur, and there 
can be associated calcification. The connection to the pelvis 
or calyx can be lost, and the lesion can present as a cystic 
mass.'” Particularly in the rare adult patient, this can mimic 
a neoplasm and the lesion may be resected with that as the 
clinical diagnosis. 


Perinephric Pseudocyst 

Perinephric pseudocyst is usually the consequence of 
extravasated urine into the perinephric fat with subsequent 
secondary reactive changes." These can also develop 
following perinephric hemorrhage. They may present as 
mass lesions and in some instances clinically appear to 
be renal parenchymal in origin. When these occur in the 
subepithelial tissue of the renal pelvis the term Antopol- 
Goldman lesion has been applied (Fig. 1-69).'”” The pseu- 
docyst is lined by fibrous connective tissue with varying 
degrees of inflammation. Calcification can be present. In 
cases related to hemorrhage, hemosiderin-laden macro- 
phages are present. In some hemorrhage-related pseudo- 
cysts, spherical laminated structures known as Liesegang 
rings are found (Fig. 1-70A and B); these can be seen 
in aspirates of fluid from the pseudocyst.'**'*' Liesegang 
rings have been mistaken in the past for parasitic 
organisms. '*° 
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Figure 1-70 E Liesegang rings. The contents of a perinephric pseudocyst include numerous round structures with a thick outer wall 


and a laminated internal structure (A and B). 
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RENAL VASCULAR DISEASES | 


Involvement of the renal vasculature by pathologic condi- 
tions are important clinically particularly the role of arterial 
diseases as a cause of hypertension. Occasionally these lead 
to surgical intervention and so it is important for surgical 
pathologists to have knowledge of those processes that may 
require their assessment. 


Arterial Diseases 
Renal Artery Stenosis 


Clinical Features 
Renal artery stenosis is an important cause of systemic 
hypertension (2% to 5%). The vast majority of cases of renal 
artery stenosis are related to two conditions: atherosclero- 
sis and fibromuscular dysplasia (Table 1-9). Atherosclerotic 
renal artery stenosis accounts for about two-thirds of cases 
and is most common in middle-aged to elderly men. It is 
usually seen in the presence of significant atherosclerosis of 
other major arteries and often with a background of essential 
hypertension. In about one-third of cases, both renal arteries 
are involved and if severe can lead to renal failure. 8? 
Fibromuscular dysplasia is the most common cause 
of renal artery stenosis in children.'*!** Overall, how- 
ever, the disease is most common in young to middle-aged 
women. !8*!86 The pathogenesis of this condition is unknown. 
The proximal renal arteries are most commonly involved, 
but the renal artery can be involved elsewhere as can other 
muscular arteries.'*’ A “string of beads” appearance due to 
multiple stenoses is the most characteristic radiologic fea- 
ture (Fig. 1-71).'*’ Treatment with percutaneous transluminal 
renal angioplasty produces good long-term results in over 
60% of patients.'®’ In pediatric patients, a surgical approach 
is also frequently employed.'** 


Pathology 

In atherosclerotic renal artery stenosis, the plaque is most often 
located at the ostium or proximal renal artery. The degree of 
luminal narrowing is variable. Other features of complex ath- 
erosclerotic plaques are present. The ipsilateral kidney shows 
generalized or localized ischemic changes depending on the 
site of the renal artery lesion (Fig. 1-72). With chronic isch- 
emia the atrophic tubules typically have thickened basement 


Table 1-9 m CAUSES OF RENAL ARTERY 
STENOSIS 


Atherosclerosis 

Renal artery dysplasia 

Renal artery dissection 

Renal artery aneurysm 
Arteritis (Takayasu and others) 
Arteriovenous fistula 

External compression 

Trauma 

Others 


Figure 1-71 W Fibromuscular dysplasia. Renal artery arte- 
riogram demonstrating multiple points of stenosis along the main 
renal artery resulting in the “string of beads” appearance. 


membranes. There is variable fibrosis in the interstitium. The 
histologic picture is complicated by changes related to other 
conditions such as long-standing hypertension. 

Anumber of discrete histologic patterns have been described 
in fibromuscular dysplasia. Harrison and McCormack'® clas- 
sified the lesions of fibromuscular dysplasia into three major 


Figure 1-72 W Renal artery stenosis. Severe complicated 
atherosclerosis resulting in stenosis of the left renal artery and atro- 
phy of the left kidney. 
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Figure 1-73 E Fibromuscular dysplasia. Section of renal artery 
with eccentric intimal fibroplasia producing renal artery stenosis. 


categories based on the most prominent site of the fibroplasias: 
intimal, medial, and adventitial. The medial group was further 
classified into four subtypes: medial hyperplasia, medial fibro- 
plasias with aneurysms, perimedial fibroplasias, and medial 
dissection (discussed later). Intimal fibroplasia is rare and is 
characterized by the accumulation of loose, moderately cellu- 
lar connective tissue on the luminal side of the internal elastic 
lamina (Fig. 1-73). Medial hyperplasia accounts for 5% to 15% 
of cases with a proliferation of the smooth muscle cells of the 
media resulting in luminal narrowing. Medial fibroplasia with 
aneurysms is the most common pattern (60% to 70% of cases) 
and is often bilateral. The media shows alternating areas of 
smooth muscle loss with and without replacement by fibrous 
tissue. This results in the formation of ridges (corresponding 
to the fibrous tissue) and troughs or aneurysms (corresponding 
to areas of muscle loss). Perimedial fibroplasia (15% to 25% 
of cases) has dense collagen replacing the outer one-third of 
the media. Periarterial (adventitial) fibroplasia is rare (<<1% of 
cases) and has dense collagen deposition in the adventitia and 
extending into the surrounding fibroadipose tissue. 


Renal Artery Aneurysm 


Clinical Features 

Renal artery aneurysms are distinctly uncommon with a 
reported incidence of 0.01% to 0.1%.! They occur more 
commonly in men. Symptomatic presentation includes hyper- 
tension, hematuria, and flank pain.''?' The vast majority 
involve the extrarenal portions of the renal artery and its major 
branches. They can be associated with fibromuscular dyspla- 
sia. Most are small and the risk of rupture is low. There is 
considered to be an increase risk of rupture in pregnancy. ">! 


Pathology 

Renal artery aneurysms have been divided into three gen- 
eral categories: saccular, fusiform, and dissecting (discussed 
below). Saccular aneurysms typically have changes of ath- 
erosclerosis but are believed to be congenital in origin. 
Fusiform aneurysms most often develop distal to a site of 
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tion in a case of fibromuscular dysplasia. 


stenosis such as fibromuscular dysplasia. Intrarenal aneu- 
rysms are usually secondary to other processes such as 
trauma and so generally represent false aneurysms. 


Renal Artery Dissection 


Clinical Features 

Dissection of the renal artery is uncommon.'” In many cases, 
the dissection is due to extension of an aortic dissection. 
Primary dissection of the renal artery is most often related to 
traumatic injury with catheterization being the most impor- 
tant cause. Dissection is also a significant complication of 
fibromuscular dysplasia.” Presentation is somewhat depen- 
dent on the pathogenesis but almost always has severe flank 
pain and hypertension. Secondary thrombosis of the renal 
artery can occur. 


Pathology 

There is accumulation of blood in the media resulting in a 
false lumen (Fig. 1-74). The dissection can be localized or 
can extend along the renal artery branches. In cases with 
fibromuscular dysplasia, the features of the underlying dis- 
ease are evident (Fig. 1-75). Secondary changes in the kid- 
ney include acute renal infarction or more chronic ischemic 
changes. 


Renal Arteriovenous Anastomosis 


Clinical Features 

Connections between the renal arterial and venous systems 
can be congenital or acquired.'°*!°’ Congenital lesions (arte- 
riovenous malformations) are rare and most often involve 
vessels in the renal pelvicalyceal mucosa or the medulla. 
Acquired lesions are most often the result of surgery or trau- 
matic injury. Cases have also been reported following renal 
biopsy.” Symptoms include hypertension, hematuria, and 
renal failure. 
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section in a case of fibromuscular dysplasia. The false channel is 
located in the outer aspect of the media. 


Pathology 
Pathologic findings are dependent on the etiology of the 
lesion. 


Renal Vein Thrombosis 


Clinical Features 

Renal vein thrombosis occurs over a wide age range and has 
a long list of etiologies." Pathogenic mechanisms include 
hypovolemia (important in infants), primary renal disease 
(nephrotic syndrome in adults with hypercoagulable state), 
extrinsic compression, intravascular growth of tumor (renal 
cell carcinoma), systemic diseases associated with hypercoag- 
ulable states, extension of inferior vena caval thrombosis, and 
trauma.' With acute thrombosis there is flank pain, hematuria 
(gross or microscopic), and abdominal mass (in infants due to 
enlarged kidney). Gradual occlusion can be clinically asymp- 
tomatic. Diagnosis is generally radiologic with computed 
tomographic angiography being considered the most reliable.” 
Treatment depends on the acuity and underlying etiology. 


Pathology 

Changes in the kidney depend on the acuity of the process 
and any underlying disease process. Acute renal vein throm- 
bosis results in a swollen kidney due to marked vascular 
congestion. There is interstitial edema. Renal venous throm- 
bosis involves smaller venous channels within the renal 
parenchyma. Renal infarction is uncommon due to the pres- 
ence of collateral circulation. 


Renal Infarction 


Clinical Features 

Renal infarction most often is the result of embolic events 
but can also occur with acute occlusion of the renal artery 
or its branches for other reasons such as renal artery dis- 
section, renal artery thrombosis, and traumatic injury to the 
renal artery.” Emboli are most often related to complicated 


atherosclerosis but can also originate in cardiac thrombi and 
be secondary to an intra-arterial procedure.” Infectious 
emboli are most often related to infective endocarditis.“ 
Renal infarction is an infrequent complication of fibromus- 
cular dysplasia.” Finally renal infarction has been well- 
described in association with cocaine abuse.” 

Clinical presentation is dependent on the etiology. Smaller 
emboli are generally asymptomatic; larger renal infarcts can 
present with flank pain, hematuria, or hypertension. Chronic, 
bilateral emboli may result in sufficient renal damage to lead 
to renal failure. Embolization of the renal artery may also 
be performed for a therapeutic reason, most often for tumor 
infarction prior to nephrectomy.”” 


Pathology 

Acute infarcts are initially red but rapidly become pale gray 
or yellow with a hyperemic border and are usually limited to 
the cortex (Fig. 1-76). They have a pyramidal shape with the 
base at the cortical surface. Over time, the infarct becomes 
fibrotic and results in a depressed scar on the cortical surface. 
With infectious emboli there may be liquefactive necrosis 
and abscess formation. 

The acute infarct is characterized by coagulative necro- 
sis with a hemorrhagic border that often contains a zone of 
acute inflammation. Infectious infarcts may have associated 
necrosis with abscess formation; the associated microorgan- 
ism may be demonstrable. Embolic material may be evident 
in the affected vessels. With healing the tubules remain iden- 
tifiable with ghost outlines of the structure but without via- 
ble cells. There is variable fibrosis, and hemosiderin-laden 
macrophages are present. 


Other Vascular Diseases 


The major renal vessels can also be involved in a wide 
range of vascular diseases. Among the better described are 
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Figure 1-76 W Renal infarction. There is diffuse renal isch- 
emia with patchy areas of infarction. 
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Figure 1-77 Œ Monckeberg calcification. There is circumfer- 
ential deposition of calcium within the media of the renal artery. 
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Takayasu disease** and polyarteritis nodosa*”; however, 
many other systemic vasculitides can have renal vascular 
involvement.””°?!° Mönckeberg calcification can involve 
the renal arteries (Fig. 1-77). Patients with prior radiation 
treatment to the abdomen may develop renal artery stenosis 
related to muscle loss and fibrosis in the renal artery. 


RENAL INFECTION 


Renal infections are an important cause of morbidity and mor- 
tality throughout life. The kidney can become infected through 
a variety of routes but most common are retrograde spread 
from a lower urinary tract infection or blood-borne in a septic 
patient.”!! In this section, we will review the most common 
and important infectious processes that involve the kidney. 


Bacterial Infection 


The most common form of renal involvement is pyelone- 
phritis, which is best defined as a nonspecific bacterial infec- 
tion of the kidney that affects the parenchyma, calyces, and 
pelvis. It occurs in two forms, acute and chronic, and may be 
found with or without obstruction to the urinary tract. 

Infecting organisms reach the kidney from the lower uri- 
nary tract by an ascending route. In patients without obstruc- 
tion, vesicoureteral reflux is the mechanism responsible for 
parenchymal damage in a substantial number of cases. The 
term reflux nephropathy has largely replaced chronic nonob- 
structive pyelonephritis to describe the kidney with discrete, 
focal scars in a lobar distribution.” 

Reflux, however, is not an invariable prerequisite for the 
development of renal scars. Scar formation can follow febrile 
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urinary tract infections in the apparent absence of reflux," 
particularly when P-fimbriated strains of Escherichia coli 
are involved. In addition, studies using dimercaptosuccinic 
acid scans have verified the presence of acute pyelonephritic 
lesions in the absence of reflux, followed at a later time by 
the development of discrete scars.?!°7"” 

Another pattern of renal infection is caused by blood- 
borne invasion by certain organisms, such as Staphylococcus 
aureus, which have the ability to localize, proliferate, and 
incite an acute inflammatory reaction in an unobstructed 
kidney. The infection consists of vast numbers of minute 
abscesses situated mainly in the cortex with no or only trivial 
pelvicalyceal inflammatory changes and should be termed 
diffuse suppurative nephritis rather than pyelonephritis. 


Acute Pyelonephritis 


Etiopathogenesis 

Most infections of the urinary tract are caused by Gram- 
negative enteric organisms. Escherichia coli is the most com- 
mon, particularly in first or uncomplicated infections.” 
Other organisms, such as Klebsiella sp., Proteus sp., 
Pseudomonas sp., Enterobacter sp., Serratia sp., Morganella 
morganii, and rarely Haemophilus influenzae,” are found 
mainly in complicated cases in which instrumentation, or an 
indwelling catheter, has been used,”!?% and in patients with 
anatomic abnormalities, stone, or immunosuppression.”™* 

The virulence of infecting organisms is a main factor in 
determining the occurrence of urinary tract infection. Virulence 
factors for E. coli include O serotype, "7 K antigens 
(capsular polysaccharides), and H (flagellar) antigens, 
which relate to adherence properties and P fimbriae.?* 

While Gram-positive bacteria adhere more frequently 
via extracellular polysaccharides, adhesion occurs via fim- 
briae in the case of Gram-negative bacteria. This adhesion 
is affected by the interaction between receptors on the epi- 
thelial cell surface and fimbriae or pili found on the surface 
of the infecting organism. P fimbriae appear to be the most 
important with regard to urinary tract infections, especially 
with regard to renal involvement, and the class II-tip adhe- 
sin is associated with pyelonephritis.” Many novel and 
putative virulence factors in uropathogenic E. coli have been 
reported.?*° 
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Clinical Features 

An acute onset of fever, chills, lumbar tenderness, and 
pain is the classic presentation of acute pyelonephritis in 
the adult.*7! Dysuria and frequency reflect lower urinary 
tract infections. Acute renal failure has been noted occa- 
sionally.** Blood cultures are positive in about a quarter 
or more of the cases of severe uncomplicated and compli- 
cated pyelonephritis.” The urine contains pus cells, pus 
cell casts, and organisms in excess of 100,000 cfu/mL. 
Hematuria and proteinuria are variable. Initial symptoms in 
infants and young children consist of fever, vague abdomi- 
nal complaints, and vomiting. In neonates, the only symp- 
tom may be failure to thrive. 
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Figure 1-78 E Acute pyelonephritis. The kidney is swollen, and the cortical surface has a mottled appearance with pale yellow nod- 
ules and hyperemic areas (A). The cut surface shows numerous small yellow lesions corresponding to microabscesses (B). 


It is often impossible to distinguish between acute pyelo- 
nephritis and lower urinary tract infections on purely clinical 
grounds. Various imaging techniques add precision to the 
diagnosis. The most reliable results have come from dimer- 
captosuccinic acid scintigraphy.74 


Pathology 

Gross Features. With obstructive acute pyelonephritis, the 
cortex has several swollen, whitish areas of acute infection. 
Scattered, small, discrete, whitish-yellow abscesses with a 
hemorrhagic rim, which may measure up to several milli- 
meters in diameter, are noticeable on the subcapsular sur- 
face and are indicative of a secondary blood-borne infection 
(Fig. 1-78A and B). Intrarenal reflux caused by obstruction 
can cause diffuse cortical swelling and pallor. 

The underlying medulla has characteristic straight, whit- 
ish-yellow streaks that correspond to collecting ducts filled 
with pus. Mucosal surfaces of the renal pelvis and caly- 
ces are often congested with thickening of the pelvic wall. 
Obstruction causes pelvicalyceal dilation, and with severe 
obstruction, the renal parenchyma may be thinned with 
blunted papillae and the pelvis filled with pus—pyonephrosis 
(Fig. 1-79). Severe, often terminal, acute renal infections 
accompanying obstruction and diabetes may be complicated 
by papillary necrosis (Fig. 1-80). Perinephric abscess, that is, 
a collection of pus in the space between the kidney and Gerota 
fascia, is often associated with nephrolithiasis (Fig. 1-81).”5 


Microscopic Features. Histologic findings in areas of 
acute infection are similar in the obstructive and nonob- 
structive types. The acute inflammatory process extensively 
destroys tubules (Fig. 1-82). Glomeruli and blood vessels 
are resistant to damage. Initially the interstitial inflamma- 
tory exudate consists of neutrophils. Chronic inflammatory 
cells, such as macrophages, lymphocytes, and plasma cells, 
appear within a few days of the start of infection.*° Acute 
inflammatory changes are seen in relation to the pelvicaly- 
ceal epithelium. 


Emphysematous Pyelonephritis 


This rare, severe suppurative infection of the kidney is found 
predominately in diabetics with or without urinary tract 
obstruction. This is associated with gas formation in the 
collecting system (emphysematous pyelitis), parenchyma, 
and sometimes in the perirenal tissue. Women are affected 
more often than men, with a mean age in the sixth decade. 
Bilateral emphysematous pyelonephritis is rare.”7° 
Clinicopathologic features suggest a blood-borne infec- 
tion. Four factors that may be involved include gas-forming 
bacteria, high tissue glucose level, impaired tissue perfusion, 
and a defective immune response.” Escherichia coli is the 
most common organism encountered, but Klebsiella pneu- 
moniae, Enterobacter sp., and Proteus mirabilis, as well as 
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Figure 1-79 Œ Pyonephrosis. Acute pyelonephritis with accu- 
mulation of pus in the collecting system. 
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Figure 1-80 W Papillary necrosis. Multiple foci of papillary 
necrosis complicating acute pyelonephritis in a diabetic patient. There 
is a hyperemic zone surrounding the pale ischemic areas within the 
renal papillae. 
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Figure 1-81 W Perinephric abscess. There is a large peri- 
nephric abscess adjacent to a kidney affected by a mixture of acute 
and xanthogranulomatous pyelonephritis. Note the pale yellow 
plaques characteristic of the latter process. 
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Figure 1-82 E Acute pyelonephritis. A small focus of acute 
inflammation with tubule destruction. 
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certain fungi (Candida sp., Cryptococcus neoformans), have 
also been described.” 


Clinical Features 
Nonspecific clinical features include chills, fever, flank 
pain, nausea, vomiting, abdominal pain and tenderness, and 
pyuria. Acute renal failure, thrombocytopenia, disturbance 
of consciousness, and shock can be the initial presentation 
and are risk factors for poor outcome and mortality.” 
Diagnosis can be made by various imaging techniques. 
However, a computerized tomographic scan not only con- 
firms the diagnosis but also provides information useful for 
classifying the extent of intra- and extrarenal disease, which 
has both prognostic and therapeutic importance.” 
Emphysematous pyelonephritis has a high mortality rate 
when treated with antibiotics alone.” Prognosis is improved 
considerably by prompt treatment with a combination of 
antibiotics and surgical intervention in the form of drainage 
or nephrectomy.23*4!24324 
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Pathology 

Renal lesions have included parenchymal abscesses and 
areas of infarction, with gas formation in necrotic areas, pap- 
illary necrosis and vascular thromboses.”*?*°"” Obstruction 
has been recorded in 40% of cases. 


Diffuse Suppurative Nephritis 


This type of renal lesion is caused by blood-borne infections. 
Its prototype is the lesion caused by S. aureus, which can 
localize to the kidney in the absence of obstruction. It may 
also be seen with E. coli bacteremia, but only when there is 
obstruction to urinary outflow.” 

Staphylococci cause renal infection because of several 
microbial factors: bacterial surface receptors that recog- 
nize fibrinogen; fibronectin, vitronectin, and laminin permit 
bacterial adherence to endothelial cells™° and extracellular 
matrix’; release of exotoxins,™*® including pore-forming 
protein’; various enzymes that interfere with the structure 
and function of the plasma membrane and degrade elastic 
tissue; and toxins that may function as super antigens.”°° 

Other infective agents that are able to colonize a healthy 
kidney following bloodstream invasion include Actinomyces 
sp., yeasts, filamentous fungi, Mycobacterium tuberculosis, 
and Brucella sp. 


Clinical Features 

In patients with staphylococcal septicemia, the source of 
infection is often nosocomial, and S. aureus is the most 
common agent. Immunosuppressed patients are particu- 
larly vulnerable.”*' Patients present with fever, lumbar pain, 
symptoms of lower urinary tract infection, and renal insuf- 
ficiency or renal failure.**” 


Pathology 

Gross Features. With S. aureus infection, both kidneys are 
affected and are enlarged to an equal degree. With Æ. coli, 
only the obstructed kidney is involved. The subcapsular 


surface is studded with a vast number of whitish-yellow 
abscesses, often with red rims. The abscesses vary from pin 
head in size up to 5 mm in diameter and are usually discrete, 
but can occasionally be confluent. The cut surface of the 
renal cortex bulges because of interstitial edema and con- 
tains a myriad of small abscesses that predominate in the 
outer part; some are rounded, but others are wedge-shaped 
with the apex pointing inward. 


Microscopic Features. The abscesses consist of large 
numbers of neutrophils in the interstitium, with extensive 
destruction of tubules. Glomeruli, arteries, and arterioles 
are usually undamaged, although glomerular microabscess 
may very rarely be seen. Organisms are readily evident. In 
contrast to acute pyelonephritis, there are no, or only a few, 
inflammatory cells beneath the pelvicalyceal epithelium. 


Chronic Obstructive Pyelonephritis 


The parameters that are required for renal parenchymal 
scarring to develop following urinary tract infection remain 
elusive. Persistence of uropathic bacteria in the kidney and 
genetic variability in the function of the host immune system 
may both be risk factors. 


Clinical Features 

The clinical presentation depends on whether chronic pyelo- 
nephritis is bilateral or unilateral and whether these are asso- 
ciated urinary tract abnormalities. In general, patients with 
bilateral chronic pyelonephritis develop slowly progressive 
renal insufficiency. The clinical course may be insidious or 
punctuated by recurrent attacks of acute pyelonephritis with 
back pain, fever, pyuria, and bacteriuria. In late stages of 
chronic pyelonephritis, bacteriuria may be absent. 

Renal insufficiency principally affects tubular function, 
resulting in decreased concentrating power, nocturia, poly- 
uria, and tubular acidosis. Blood urea nitrogen and phosphate 
levels are elevated. Mild to moderate proteinuria may occur. 
Terminal uremia is often associated with hypertension. 


Pathology 

Gross Features. Chronic pyelonephritis reduces renal 
size and causes irregular scarring, which is asymmet- 
ric in bilateral disease. With the renal capsule stripped, 
coarse, depressed scars are evident on the cortical surface 
(Fig. 1-83). The scars are larger and flatter than those caused 
by infarction. Intervening parenchyma is granular if hyper- 
tensive nephrosclerosis is present. 

The characteristic changes of chronic pyelonephritis 
are evident on cut section of the kidney and consist of a 
coarse, discrete corticomedullary scar overlying a blunted 
or deformed calyx (Fig. 1-84). Pelvic mucosa is generally 
thickened and finely granular and may be hemorrhagic or 
covered by exudate. 

In advanced stages of chronic pyelonephritis, the kidneys 
are markedly contracted, and the renal capsule is typically 
thickened, fibrotic, and difficult to strip from the capsular 
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Figure 1-83 E Chronic pyelonephritis. There is a large area of 
scarring with relatively normal appearing adjacent renal parenchyma. 


Figure 1-84 E Chronic pyelonephritis. There is an area of cor- 
tical loss resulting in a depressed scar with an underlying dilated calyx. 
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Figure 1-85 W Chronic pyelonephritis. An unusual example 
of segmental fibrolipomatous replacement of the lower pole of the 
kidney. Note also the presence of florid ureteritis cystica. 


surface. In rare cases, chronically inflamed hilar and peri- 
renal fat becomes fibrotic and merges with scarred renal 
parenchyma, leading to an appearance of diffuse or segmen- 
tal fibrolipomatous replacement (Fig. 1-85). 


Microscopic Features. The changes are predominately tubu- 
lointerstitial. The degree of chronic interstitial inflammation 
varies. In areas of preserved parenchyma, an infiltrate of lym- 
phocytes, plasma cells, and occasional eosinophils is more 
likely to be prominent (Fig. 1-86). Peritubular polypoid pro- 
jections of lymphocytes in the cortex are a useful indicator of 
infection. Cortical interstitial fibrosis may vary from fine to 
dense. There is a marked loss of tubular mass or prominence 
of atrophic tubules with flattened epithelium and thickened 
tubular basement membranes. Zones of atrophic tubules, 
which may be dilated, frequently contain waxy casts, so- 
called thyroidization (Fig. 1-87). These changes extend to the 
outer medulla, which generally has fine fibrosis. The dilated, 
deformed calyces are chronically inflamed and fibrotic. Pelvic 
mucosa is also thickened, fibrotic, and chronically inflamed. 
Glomeruli within scarred zones may show variable 
changes, including thickening of Bowman capsule with 
concentric periglomerular fibrosis, ischemic collapse 
with collagen internal to Bowman capsule, and global 
hyalinization merging into the surrounding interstitium 
(Fig. 1-88). Compensatory hyperplasia of uninvolved 
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Figure 1-86 WŒ Chronic pyelonephritis. There is a polymor- 
phous chronic interstitial inflammatory infiltrate with glomeruloscle- 
rosis. Note the periglomerular fibrosis in the more intact glomeruli. 


glomeruli is often present (Fig. 1-89). Arteries within 
pyelonephritis scars may be normal or may show medial 
thickening and intimal fibrosis. The vascular fibrosis, as 
well as arteriolar thickening and hyalinization, are more 
prominent in cases complicated by hypertension. 


Differential Diagnosis 

The cortical tubulointerstitial changes are not diagnostic 
of chronic pyelonephritis. A similar histologic picture can 
result from a wide variety of factors, including ischemia, 
simple obstruction, drug reactions, irradiation, and changes 
secondary to papillary necrosis. 


Reflux Nephropathy 


Nonobstructing reversal of urine flow into the ureter, renal 
pelvis, and calyces may cause dilatation and damage the 
renal parenchyma both by increased fluid pressure and by 
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Figure 1-87 WŒ Chronic pyelonephritis. Atrophic tubules 
are filled with proteinaceous secretions producing so-called 
thyroidization. 
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Figure 1-88 W Chronic pyelonephritis. Photomicrograph 
illustrating periglomerular fibrosis and thickening of Bowman cap- 
sule with eventual glomerular fibrosis. 


contamination by pathogenic organisms present in the blad- 
der urine. The combination of vesicoureteral reflux and renal 
scarring comprises reflux nephropathy, which replaces the 
term atrophic or chronic nonobstructive pyelonephritis.” 

Urine reflux can be congenital (primary) or acquired and uni- 
lateral or bilateral (Table 1-10). Primary reflux is due to incom- 
petence of the vesicoureteric junction at the point of the ureteral 
orifice. There is evidence that this is in part a heritable con- 
dition and multiple genes have been implicated.’ Secondary 
vesicoureteral reflux in children can be the result of congenital 
anomalies associated with incompetent vesicoureteric junction, 
for example, duplicate ureters or pelvic (horseshoe) kidney. 

Clinical and animal studies have confirmed that renal 
scarring develops in the areas where intrarenal reflux occurs. 
The role of superimposed urinary tract infection on the 
pathogenesis of vesicoureteral reflux scarring continues to 
be debated. 
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Figure 1-89 E Chromic pyelonephritis. Compensatory glo- 
merular hyperplasia in a case of chronic pyelonephritis. 
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Table 1-10 m CAUSES OF OBSTRUCTIVE 


NEPHROPATHY 


Hydronephrosis only 
Ureteropelvic junction obstruction 
With crossing blood vessels 
Without crossing blood vessels 
Nephrolithiasis 
Staghorn calculus 
Tumors and tumorlike conditions of renal pelvis 
Fibroepithelial polyp 
Urothelial neoplasms 
Other 


Hydronephrosis and hydroureter 
Nephrolithiasis 
Ureteral valves 
Tumors and tumorlike conditions of ureter 
Fibroepithelial polyp 
Urothelial neoplasms 
Other 
Congenital anomalies of ureters 
Pregnancy 
Ureteritis 
Incompetent vesicoureteral junction 
Bladder neoplasms 
Bladder outlet obstruction 
Neurogenic bladder 
Posterior urethral valves 


The presence of two types of papillae, simple and com- 
pound, explains the focal scarring in reflux nephropathy.”*° 
Simple papillae, located mainly in the midzone of the kid- 
ney, have slit-like collecting duct orifices that are forced 
closed by back pressure of urine. Compound papillae, which 
are situated at the poles, have larger, round openings that 
make them more vulnerable to reflux. 


Clinical Features 

Age and presence of urinary tract infection determine the 
clinical presentation.” Congenital reflux in infants and 
young children may be asymptomatic or present with non- 
specific lower urinary tract symptoms, including dysuria, 
flank pain, and tenderness or fever. 

The diagnosis of reflux nephropathy is heavily depen- 
dent on imaging studies. Ultrasound and voiding cystoure- 
thrography are the primary tests to establish the diagnosis 
of vesicoureteral junction reflux. Excretory urography (IVP) 
evaluates involvement of the upper urinary tract and is par- 
ticularly suited for children with febrile urinary tract infec- 
tions. The presence of one or more scars, defined as focal 
thinning of the renal cortex often overlying a dilated calyx, 
is dependent on the severity of reflux. There are five grades 
of reflux (I to V). High-grade reflux (grade V), often referred 
to as the “back-pressure type,” is most frequently the type 
associated with cortical scars. 

Patients with vesicoureteral reflux occasionally develop 
significant glomerular proteinuria, including the nephrotic 
syndrome, and prove to have secondary (hyperfiltration) 
focal segmental glomerulosclerosis caused by reflux. The 
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role of reflux in glomerulosclerosis has been well docu- 
mented.” In one study, focal segmental glomerulosclerosis 
occurred in 20% of pediatric nephrectomy specimens from 
patients with vesicoureteral reflux.*’ It has been associated 
with a poor prognosis.” 

Reflux nephropathy is reportedly responsible for 5% to 
40% of end-stage renal disease in children under 16 years 
of age and 5% to 20% of end-stage renal disease in adults 
<50 years of age.”*' Progressive kidney disease is predict- 
able based on type of scars and clinical presentation in child- 
hood.” Adults with extensive scarring in childhood and/or 
hypertension have a worse prognosis. In high-grade reflux 
(grade V), medical management has been less successful 
than surgery*”’; however, the literature is unclear whether 
surgery prevents end-stage renal disease in severe cases.7° A 
literature review has substantiated that very severe congeni- 
tal reflux is progressive, and is often associated with other 
urogenital abnormalities.” Unilateral and mild or moderate 
vesicoureteral reflux in children is rather regressive instead 
of progressive. 


Pathology 

Gross Features. The appearance of reflux nephropathy con- 
sists of coarse renal scars surrounded by bulging parenchyma 
and overlying a dilated calyx. One or more scars may be pres- 
ent particularly at the poles (Fig. 1-90). Reflux-associated 
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scars may show disproportionate centrilobar atrophy. 


Figure 1-90 Æ Reflux nephropathy. There is marked hydro- 
nephrosis and loss of renal mass due to ureteropelvic obstruction. 
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Microscopic Features. In primary and secondary reflux 
nephropathy, the histology is similar and consists of linear 
interstitial scars with atrophic tubules and obsolescent 
glomeruli. In proteinuric patients with hyperfiltration focal 
segmental glomerulosclerosis, sclerotic glomeruli within 
preserved parenchyma have prominent hypertrophy.” 
Marked compensatory lengthening of glomerular capillar- 
ies secondary to hyperfiltration, tuft adhesions to Bowman 
capsule, and podocyte detachment are primarily found in 
patients with poor prognosis.” 


Ask-Upmark Kidney 


The Ask-Upmark kidney is characterized by the presence of 
segmental atrophy, which most investigators consider sec- 
ondary to parenchymal pressure due to reflux of urine and 
infection.” Others favor an ischemic etiology related to a 
vascular anomaly.” The Ask-Upmark kidney may be unilat- 
eral or bilateral, is found both in children and in adults, and 
occurs predominantly in females.” °” 


Clinical Features 

Severe hypertension, which may be the presenting symptom, 
is seen in most children and 60% of adults. Other symp- 
toms include recurrent urinary tract infection, proteinuria, 
or decreased renal function. In some patients, the hyperten- 
sion is renin dependent. Nephrectomy typically cures the 
hypertension. 


Pathology 

Gross Features. The affected kidney is reduced in size 
with one or more sharply separated hypoplastic segments 
characterized by narrow cortical grooves or depressions 
overlying extremely thinned parenchyma and elongated or 
dilated calyces (Fig. 1-91A and B). 


Microscopic Features. The thin segment contains atro- 
phic tubules with thyroidization, crowded thick-walled 
vessels, and no glomeruli. Absence of glomeruli is char- 
acteristic and contrasts with sclerotic glomeruli seen 
in other types of cortical atrophy, as well as the corti- 
cal scars of reflux nephropathy and chronic obstructive 
pyelonephritis. 


Tuberculosis 


The most common form of extrapulmonary tuberculosis is 
genitourinary disease, accounting for approximately 25% 
of nonpulmonary cases (range 14% to 41%).*”° In Western 
countries, the prevalence of renal involvement among 
patients with tuberculosis is around 5%,*”?”! and in African 


countries, the prevalence of renal tuberculosis is higher at 
9.5% if diagnosed by using urine Ziehl-Nielsen stains and 
14% if a combination of urine stains, sterile pyuria, and tis- 
sue histology are used.’”' Males are affected twice as often as 
females, and the disease most often occurs between the ages 
of 15 and 60 years. 


Figure 1-91 E Ask-Upmark kidney. From the external surface there is a centrally located depressed groove (A). The cut surface 


highlights the underlying scar (B). 
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Transplantation is a risk factor for the development of 
tuberculosis,” and immunosuppressed patients are more 
vulnerable to infection by mycobacteria.*”’*” Approximately 
10% of all cases of tuberculosis worldwide have been HIV 
related, but the occurrence of the disease is as high as 60% 
in certain regions in sub-Saharan A frica.?” 


Clinical Features 

Renal involvement may result from hematogenous dissemi- 
nation of a primary tuberculous infection, from an active pul- 
monary lesion, or from reactivation of a healed tuberculous 
lesion. There are two main types of renal tuberculosis: mili- 
ary (disseminated infection) and cavitary (localized urinary 
tract infection). Important risk factors for renal tuberculosis 
in developed countries include transplantation, immunosup- 
pression, and HIV infection. It is estimated that 10% of all 
cases of tuberculosis worldwide are related to HIV infection. 
In these patients, involvement of the kidney is often subclini- 
cal and only recognized at autopsy. 

Miliary tuberculosis of the kidneys is often clinically 
silent? and overshadowed by clinical manifestations of 
the systemic infection.” With renal cavitary tuberculosis, 
a high proportion of men have associated genital tuberculo- 
sis, particularly affecting the epididymis and, less frequently, 
the prostate. Most of the symptoms from the cavitary, or 
so-called caseous, form of renal tuberculosis result from 
involvement of the lower urinary tract,” particularly the 
urinary bladder, and manifest as frequency, dysuria, and 
hematuria; sterile pyuria is commonly found.’”?’° Infection 
confined to the kidney is usually clinically silent.” Because 
involvement is usually unilateral, renal function is typically 
well preserved.” When renal failure occurs in patients with 
pulmonary or disseminated tuberculosis the kidney may 
show tuberculous interstitial nephritis. Tuberculosis is recog- 
nized to be an uncommon cause of end-stage renal disease. 
In developed countries the frequency is estimated at <1% of 
cases.” 

The diagnosis of renal tuberculosis requires a positive 
culture for mycobacteria; culture of the first-voided urine 
specimen, obtained for 3 to 5 consecutive days, has been 
recommended.*”” More sensitive methodologies including 
urine polymerase chain reaction (PCR) for mycobacteria 
may improve the diagnostic accuracy. 


Pathology 

Gross Features. Kidneys with miliary tuberculosis have 1- 
to 3-mm nodules (i.e., tubercles), which occur more often 
in the cortex than in the medulla. In patients dying of pul- 
monary tuberculosis, renal tubercles are found in >60% of 
autopsy cases.” With cavitary tuberculosis, kidneys may be 
enlarged or decreased in size with irregular scarring on the 
subcapsular surface (Fig. 1-92). On cut section, pelvicaly- 
ceal dilatation or deformity and pelvi-ureteric constriction 
may occur with parenchymal atrophy and foci of calcifica- 
tion. The lesion often begins in the medulla with caseation 
necrosis of the papilla. Ureteral involvement can cause seg- 
mental strictures. A combination of caseation necrosis of the 
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FiGURE 1-92 W Tuberculosis. There is marked cortical thin- 
ning in the upper pole with associated calyceal dilatation and areas 
of caseous necrosis. 


pelvicalyceal system with ureteral stenosis leads to tuber- 
culous pyonephrosis. “Cement,” “putty,” or “chalk” kidney 
describes replacement of renal parenchyma by caseous 
material, leaving rims of fibrous tissue that give the organ a 


loculated appearance. 


Microscopic Features. The early tubercle is a granuloma 
that consists of epithelioid histiocytes and neutrophils and 
has central caseous necrosis. Often a mononuclear cell infil- 
trate of lymphocytes, monocytes, and plasma cells is also 
present. Miliary tuberculosis is characterized by numerous 
well-formed granulomas. In immunosuppressed patients, 
the granulomas are often less well defined and caseous 
necrosis is frequently absent. Organisms are usually identi- 
fied in such lesions with special stains. The tubercle may be 
contained and heal, or the infection may expand and, if in the 
renal medulla, may reach the renal pelvis and allow release 
of microorganisms into the urinary tract. 

Cavitary lesions consist of large zones of typical case- 
ous material with a peripheral granulomatous reaction (Fig. 
1-93). Mycobacteria are typically found in peripheral por- 
tions of areas of caseation or cavitary lesions. Less involved 
surrounding renal parenchyma may show variable interstitial 
inflammation with lymphocytes and plasma cells. Calcific 
foci likely represent calcified tubercles. 

Tuberculous interstitial nephritis is characterized by a dif- 
fuse chronic tubulointerstitial inflammatory infiltrate with 
granuloma formation.” Chronic tuberculosis can be associ- 
ated with amyloidosis. Several types of glomerular disease 
have also been reported in patients with tuberculosis; how- 
ever, no well-defined association exists. 


Differential Diagnosis 

Mycobacterial stains (acid-fast or Ziehl-Nielsen) should 
always be requested if granulomas are present in a biopsy or 
nephrectomy specimen, particularly if the patient’s immune 
system is compromised. Although M. tuberculosis is the most 
common agent, other mycobacteria, such as M. bovis, M. 
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with granulomas and Langhans giant cells (B). 


kansasii, and M. avium intracellulare, can cause renal infec- 
tion?” In immunocompromised patients, including HIV- 
related cases, atypical mycobacteriosis can occur, including 
infections with M. avium intracellulare, which does not 
form typical granulomas but has abundant mycobacteria 
present in foamy macrophages. Fungal involvement of the 
kidney can also result in miliary patterns of involvement 
and single or multiple large cavitary lesions. Sarcoidosis 
can also involve the kidney with a granulomatous interstitial 
nephritis (Fig. 1-94). The granulomas are well formed and 
are noncaseating. There is an associated acute and/or chronic 
inflammatory infiltrate with interstitial fibrosis. 


Fungal Infection 


Although some fungi, such as Candida and Torulopsis, may 
infect the lower urinary tract and involve the kidneys through 
the ascending route, primary infections of the kidney by 


associated chronic inflammation. 


fungi are rare (Table 1-11). More often, renal infections 
result from systemic fungal sepsis. The source may be 
nosocomial,” and almost invariably the infection occurs in 
immunocompromised patients, particularly those receiving 
chemotherapy for malignancies.** 


Candidiasis 


Clinical Features 
Most renal infections by Candida albicans are opportunistic 
and result from hematogenous dissemination. Neonates,” 
granulocytopenic patients, ®?% and immunosuppressed 
patients??? are at risk and the source of infection is often 
nosocomial. In two series of systemic candidiasis, renal 
involvement was reported to be 52%" and 82%.7*4 
Presenting symptoms are those of severe renal infection, 
with hypotension, progressive loss of renal function, and 
acute renal failure. Fungus balls may develop in the pelvis 
or calyces, and their passage may result in ureteral colic or 
bilateral obstruction with anuria.”***8’ Systemic candidiasis 
has a fatality rate of 70% to 79%.78878° 


Pathology 
The kidneys may show little or no inflammatory response, or 
there may be extensive necrosis, miliary abscesses, and papillary 


Table 1-11 IMPORTANT FUNGAL INFECTION 
OF THE KIDNEY 

Candidiasis 

Torulopsis 

Aspergillosis 


Cryptococcosis 
Histoplasmosis 
Blastomycosis 
Coccidioidomycosis 
Paracoccidioidomycosis 
Mucormycosis 
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necrosis.”*>"85 Compared with other fungi, invasion of blood 
vessels by Candida is less common, and cortical infarction is 
rare.*** In tissue sections, pseudohyphae and 2 to 4 um in diam- 
eter, rounded yeast forms are readily identified with periodic 
acid—Schiff (PAS) or Grocott methenamine silver (GMS) stains. 


Torulopsis 


Clinical Features 

Torulopsis glabrata, an opportunistic yeast-like fungus, is the 
second most common fungal pathogen of the urinary tract.** 
The kidneys can be the site of a primary infection through the 
ascending route’! but are usually part of disseminated infec- 
tions. Zorulopsis is an important cause of nosocomial infec- 
tion.**' Presenting symptoms are comparable to those caused by 
C. albicans. The outcome of patients with torulopsosis is poor.” 


Pathology 

Nearly one-half of patients with disseminated infection 
have renal involvement that is often microscopic. In severe 
cases, miliary or extensive abscess formation, papillary 
necrosis, and perinephric abscess formation have been 
described.?°?"??™ Torulopsis glabrata are demonstrable in 
tissue sections by GMS stain as 2- to 4-um, budding, round 
to oval, nonencapsulated yeast-like organisms. 


Aspergillosis 


Clinical Features 
Aspergillus fumigatus is the most common pathogen among 
the various species of aspergilli. Renal aspergillosis is fre- 
quently the result of hematogenous dissemination, usually 
from an invasive bronchial infection, necrotizing pneumonia, 
or infarct by aspergilli, particularly in immunosuppressed’? 
or diabetic patients.”°?°° 

Renal involvement occurs in 30% to 40% of patients 
who die of disseminated aspergillosis.” Symptoms may be 
comparable to acute pyelonephritis. The urinary tract may be 
obstructed by growth of mycelium, and fungus balls may be 
passed into the urine.” 


Pathology 

Multiple small abscesses, a few millimeters in diameter, are 
most commonly seen. However, extensive abscess forma- 
tion with vascular invasion, thrombosis, and infarction also 
occurs and is more common in the medulla than in the cortex 
(Fig. 1-95). The fungus takes the form of branching sep- 
tate hyphae 3 to 5 um wide that can be demonstrated within 
abscesses (Fig. 1-96A and B) and infarcts with PAS or GMS 
stain (Fig. 1-97). 


Cryptococcosis 


Clinical Features 

Cryptococcus neoformans is a yeast-like fungus encountered 
in avian habitats, particularly those contaminated with pigeon 
droppings. The host portal of entry is the respiratory tract, 
and pulmonary infection is common, particularly in immu- 
nosuppressed _patients.”*?°> Hematogenous dissemination 
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Figure 1-95 W Aspergillosis. Acute pyelonephritis due to 
Aspergillus with numerous small abscesses and pyonephrosis. 


results in renal involvement, which may be clinically silent 
or manifest with costovertebral angle tenderness, pyuria, and 
gross hematuria. Renal involvement is found in about 50% 
of patients who die of disseminated cryptococcosis.7** 


Pathology 

Small parenchymal abscesses or granulomas with central 
necrosis can involve the cortex and medulla, and papillary 
necrosis may occasionally be found.”**?”°° Despite causing 
extensive tubular destruction, the organism may elicit little 
inflammatory reaction. 

Cryptococci can be identified in tissue sections as spheri- 
cal structures, 4 to 20 um, with a polysaccharide capsule. The 
capsule is distinctive and stains intensely with mucicarmine, 
Alcian blue, and the PAS stains. Yeast forms can be recognized 
in the urinary sediment by negative staining with India ink.” 


Histoplasmosis 


Clinical Features 

Histoplasma capsulatum is endemic in South and Central 
America and in the Ohio River and Mississippi River val- 
leys in the United States.” Infection is caused by inhala- 
tion of dust particles containing conidia forms from soil 
contaminated with bird or bat droppings containing the 
fungus. The initial presentation resembles pulmonary tuber- 
culosis. Disseminated histoplasmosis may result from a pri- 
mary infection or from a reactivated healed lesion during 
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magnification the organisms can be seen on the hematoxylin and eosin-stained section (B). 


immunosuppression.” The kidneys are involved in about 
40% of the patients with progressive disseminated histoplas- 
mosis.*°' Renal involvement is usually clinically silent, and 
compromise of renal function is uncommon.*"! 


Pathology 

Grossly, the lesions range from one or more firm or soft, 
usually well-circumscribed nodules to diffuse inflammation 
and necrosis involving most of the kidney; papillary necrosis 
may occur.*”!= Microscopically, small aggregates of yeast- 
laden macrophages may be present in all renal compart- 
ments, usually associated with granulomas at various stages 
and focal necrosis.” Macrophages contain numerous round 
or oval 2- to 4-um-diameter yeast forms, usually identified 
with the GMS stain. At later stages dense collagenized nod- 
ules remain (Fig. 1-98). 


Figure 1-97 E Aspergillosis. The GMS stain highlights the 
branching hyphae. 


Blastomycosis 


Clinical Features 

Northern American blastomycosis, caused by Blastomyces 
dermatitidis, is endemic in the Ohio River and Mississippi 
River valleys and the southeastern United States.”** The fungus 
is a saprophytic budding yeast found in soils. Blastomycosis 
is prevalent among immunosuppressed patients.?* It is four 
times more frequent in males than in females and occurs 
mainly between the ages of 30 and 50 years.’ It is primarily 
a pulmonary infection. 

Renal involvement, which is estimated to occur in 25% of 
systemic infections, is usually clinical silent, although renal 
insufficiency may occur in severe infections.*° Blastomycosis 
tends to recur in 10% to 15% of patients and has a mortality 
rate of 90%.3" 


Figure 1-98 E Histoplasmosis. Old histoplasma granuloma 
with dense fibrotic center and surrounding chromic inflammatory 
infiltrate. 
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Pathology 

Involvement is often bilateral and varies from small cir- 
cumscribed nodules to diffuse inflammation and necrosis 
involving the whole kidney.” The cortex is more affected 
than the medulla, and extension of the infection through 
the renal capsule results in perinephric abscesses and dis- 
charging sinuses. Granulomatous and suppurative lesions 
are seen microscopically, with microabscess formation and 
epithelioid and giant cell granulomas that may have case- 
ation resembling tuberculosis. Detection of B. dermatitidis 
in either type of lesion is facilitated with the GMS stain. The 
yeast is double contoured, 8 to 15 um in diameter, and has 
broad-based branching daughter cells. 


Coccidioidomycosis 


Clinical Features 

Coccidioides immitis, which is endemic in the southwest and 
western United States, exist in nature in a mycelial form.*® 
Inhalation of arthrospores, the infective form, results in 
asymptomatic pulmonary infection in about 90% of patients. 
Progressive pulmonary infections are rare, and systemic 
dissemination in <1% of cases usually affects immunosup- 
pressed”*?3 and diabetic patients or pregnant women.*?73° 
The kidneys are involved in one-third of patients who die of 
disseminated disease.” 


Pathology 

Minute granulomas and multiple abscesses are present 
grossly. The granulomas show caseous or suppurative necro- 
sis. Coccidioides immitis organisms are easily found in active 
lesions within macrophages or giant cells as thick-walled 
spherules, about 100 um in diameter, containing endospores 
that are 2 to 5 um in diameter.” 


Paracoccidioidomycosis 


Clinical Features 

Paracoccidioidomycosis (i.e., South American blastomyco- 
sis), caused by Paracoccidioides brasiliensis, is a chronic 
pulmonary disease endemic in Mexico and Central America. 
Pulmonary infection, caused by inhalation of spores, tends to 
be progressive and followed by dissemination.*'” Progression 
and dissemination are associated with depressed cell-medi- 
ated responses.*!'*!" The kidneys are involved in 10% to 15% 
of cases. 


Pathology 

Typical lesions consist of cortical and medullary miliary 
granulomas, a few millimeters in size, and often having 
necrotic centers.” Microorganisms, which are found in areas 
of inflammation, at the periphery of necrotic granulomas and 
within giant cells, are easily identified with the GMS stain. 
Nonbudding forms, between 5 and 30 um in diameter, pre- 
dominate. However, multiple buds from a single cell, up to 
60 um in diameter and resembling the pilot’s wheel of a ship, 
are diagnostic.”** 
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Mucormycosis 


Clinical Features 

Mucormycosis (i.e., zZygomycosis) is an opportunistic pul- 
monary and upper respiratory tract infection caused by fungi 
of the order Mucorales, whose most common pathogen is 
Rhizopus oryzae. Disseminated infection occurs in immu- 
nocompromised,”*??°83!3-315 diabetic and AIDS patients.*!° 
Rhizopus oryzae frequently invades blood vessels and dis- 
seminates through the hematogenous route. Involvement of 
the urinary tract may be clinically silent or manifest by signs 
or symptoms of renal infarction, including flank pain, gross 
hematuria, and acute renal failure.*>?7**3!7 Renal involvement 
occurs in 50% of patients dying of disseminated mucormy- 
cosis?! and may be unilateral*!° or bilateral.*!® 


Pathology 

Segmental or subtotal renal infarction results from vascular 
thromboses. Microscopically, there is suppurative, necrotiz- 
ing inflammation with thrombosis of interlobar and arcuate 
arteries. Granulomatous inflammation and Langhans-type 
giant cells are seen. Fungi can be identified with the GMS 
stain in areas of acute inflammation or infarction and consist 
of broad, nonseptate hyphae that have right-angle branching. 


Parasitic Infection 


Renal lesions associated with parasitic infection are 
quite variable. Malaria, for example, which is caused by 
Plasmodium, can lead to acute renal failure due to acute 
tubular necrosis, a tubulointerstitial nephritis, or chronic 
glomerular disease with hematuria and proteinuria or the 
nephrotic syndrome (quartan malarial nephropathy).*!?*?° 
Schistosoma mansoni infection results in glomerulonephri- 
tis manifested by proteinuria or the nephrotic syndrome.*! 
Other parasites may directly invade the kidney. 


Schistosomiasis 


The interstitial inflammatory response occurring in schisto- 
somal nephropathy is most commonly nonspecific and consists 
of an infiltrate of mononuclear cells and interstitial fibrosis 
associated with obstructive uropathy.*” Localization of ova to 
the kidney produces a granulomatous reaction. Ova can be eas- 
ily identified in tissues; those of S. mansoni and S. japonicum 
are acid-fast, while those of S. haematobium are not. 


Filariasis 


Microfilaria may cause granulomatous inflammation in 
glomeruli? and the interstitium. Severe tubulointerstitial 
mononuclear cell infiltration with lymphocytes, plasma 
cells, and eosinophils, independent of granulomas, has also 
been described.” 


Microsporidiosis 


Microsporidia are obligate intracellular protozoa belong- 
ing to the genus Encephalitozoon. The organism typically 
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infects patients with AIDS. Encephalitozoon cuniculi, the 
prototypic species, targets the kidney with involvement of 
macrophages, epithelium, and endothelium.” It has been 
reported to produce a necrotizing infection with microab- 
scess-like foci that is concentrated in the distal nephron, 
especially the medulla.**° Spore-laden macrophages, cellular 
debris and free spores, as well as sloughed epithelial cells, 
are present in tubular lumens. 

Organisms can be identified in hematoxylin and eosin sec- 
tions as oval to slightly elongated, 1- to 2-mm spores having a 
blue-staining outline and either a central blue band or a dense 
blue pole opposite a clear polar vacuole. Gram stain, polariza- 
tion, and fluorescence chitin stains enhance spore detection. 


Amoebiasis 


Amoebiasis is a protozoal infection caused by Entamoeba 
histolytica. Renal involvement is very rare; however, with 
invasive infections, the kidney is the fifth most common site 
of abscess localization.” Trophozoites can be found within 
foci of liquefaction necrosis and abscess formation. 


Hydatidosis 


Unilocular hydatid disease is caused by the larval form of 
Echinococcus granulosus. Renal involvement, which occurs 
in 2% to 4% of all cases,’ is usually part of disseminated 
disease. The most common symptoms are palpable mass, 
flank pain, hematuria, malaise, and fever. The passage of typi- 
cal grape-like daughter cysts in the urine (hydatiduria) is a 
pathognomonic sign but occurs in only 5% to 25% of cases.*”* 

Hydatid cysts of the kidney are usually cortical and 
solitary?” and can range from a few millimeters to several 
centimeters in size (Fig. 1-99). A fibrous reaction usually 
surrounds the cyst, while atrophy and pressure necrosis 
occur more peripherally. 


Viral Infection 


Glomerulonephritis may be produced by hepatitis B or 
C infection and arteritis by hepatitis B infection. HIV- 
associated nephropathy is characterized by a collapsing, 
rapidly progressive form of focal segmental glomerulo- 
sclerosis and interstitial nephritis with large tubular casts 
and numerous endothelial tubuloreticular inclusions.**°** 
Hantavirus infection produces hemorrhagic fever with renal 
syndrome***; renal biopsy findings are most commonly acute 
interstitial nephritis with dominant lymphocytic inflamma- 
tion accompanied by acute interstitial hemorrhagic and tubu- 
lar necrosis.” Viral inclusions are not present. Polyoma 
virus and cytomegalovirus (CMV) cause an acute interstitial 
nephritis with characteristic viral inclusions. 


Polyoma Virus 


BK virus, a small nonenveloped DNA virus, is a member 
of the polyoma subgroup of papovaviruses. Hematogenous 
spread of a primary infection, which is most often a 
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Figure 1-99 WŒ Echinococcal cyst. A large echinococcal cyst 
in the kidney with the characteristic thick wall. 


childhood pulmonary infection, carries BK virus to the kid- 
ney and urothelium where the virus enters latency. Organ 
transplant patients, HIV-infected patients, and patients with 
hematologic malignancies are at significant risk for reactiva- 
tion of BK virus infection. An increased risk for virus repli- 
cation and shedding in the urine may also occur in diabetic 
patients, pregnant women, and the elderly. 


Clinical Features 

Renal and urinary tract findings in BK virus reactivation 
infection include asymptomatic hematuria, hemorrhagic 
and nonhemorrhagic cystitis, ureteral stenosis, and renal 
allograft dysfunction with BK nephropathy. Reactivation BK 
virus infection occurs in 10% to 60% of renal transplants, 
and 1% to 5% of renal allografts develop BK nephropa- 
thy.” Diagnosis can be made using PCR to detect the 
virus in the plasma.*”” 


Pathology 

Histologic features include intranuclear inclusions, tubular 
necrosis, and interstitial inflammation, which is generally 
mild and has inconspicuous tubulitis.**'**? Four different 
varieties of intranuclear inclusions can be seen in any part 
of the nephron.*"' Type 1 inclusions are the classical baso- 
philic inclusions having an amorphous ground glass appear- 
ance with peripheral chromatin rimming (Fig. 1-100); these 
can be found in the renal pelvic urothelium. Type 2 inclu- 
sions are eosinophilic and granular with an incomplete 
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surrounding halo. Type 3 inclusions are finely granular and 
lack a halo. Type 4 inclusions have a markedly enlarged 
nucleus with clumped, irregular chromatin and prominent 
nucleoli. 

BK-infected cells with targetoid inclusions can be distin- 
guished from CMV by the lack of cytomegaly and absence 
of cytoplasmic inclusions. The inclusions of adenovirus are 
more irregularly smudged than the basophilic inclusions of 
BK virus. BK virus inclusions lack the multinucleation and 
molding of herpes virus. 

Urine cytology is a sensitive method for identifying uri- 
nary tract BK virus infection with nearly 100% sensitiv- 
ity.°’33 The specificity, however, is low with a <20% positive 
predictive value for BK nephropathy.: The productively 
infected inclusion-bearing cell in urine cytology is called 
the “decoy cell” because the nuclear enlargement and hyper- 
chromasia mimics urothelial carcinoma. These degenerated 
cells, however, are normal or slightly increased in size, have 
an enlarged, rounded nucleus with a single, large, homog- 
enous inclusion that has a smudgy appearance or a central, 
coarse and loose, fishnet pattern (Fig. 1-101). 


Cytomegalovirus 


Clinical Features 

Between 20% and 60% of renal transplant recipients may 
suffer from CMV disease with clinical signs of fever, leu- 
kopenia, and organ dysfunction.” The CMV infection may 
be a primary infection, a reactivation infection, or a reinfec- 
tion. Significant risk factors for primary CMV infection are 
receipt of a seropositive donor allograft by a seronegative 
recipient, level of immunosuppression, recipient age, and 
type of induction therapy.***° Children are at the highest 
risk for primary infection. In intrauterine CMV infections 
the kidneys are frequently involved.” Management and 
prevention of CMV infection is a critical component of the 
care of renal transplant patients.” Current diagnosis and 
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monitoring is based on detection of the DNA virus using 
molecular methods.?5° 


Pathology 

Direct viral infection of the kidney results in CMV inclu- 
sions in glomerular and peritubular endothelial cells as well 
as in tubular epithelial cells (Fig. 1-102).34”7°! Large intra- 
nuclear inclusions with halos and eosinophilic cytoplasmic 
inclusions are characteristic and associated with cytomeg- 
aly. Immunohistochemical staining can increase the rate of 
detection of CMV in renal biopsy specimens.*>? 


Adenovirus 


Clinical Features 

Adenovirus infection of the kidney occurs almost exclu- 
sively in immunocompromised patients, most often follow- 
ing bone marrow transplantation.*3*>4 The most common 


Figure 1-101 E “Decoy cell.” BK virus-infected cell in 
urine with enlarged rounded nucleus with a smudgy granular 
nuclear inclusion. 
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Figure 1-102 Œ Cytomegalovirus. Typical large intranuclear 
and intracytoplasmic eosinophilic inclusions in renal tubular cells. 


serotype identified has been adenovirus type 11. The patients 
have gross or microscopic hematuria and can develop acute 
renal failure. 


Pathology 

The kidneys are enlarged and the cut surface has raised whit- 
ish-yellow streaks. Involvement can be unilateral or bilateral. 
Microscopically there is necrotizing tubulointerstitial nephri- 
tis. There is sloughing of tubular epithelial cells into the tubu- 
lar lumens. The interstitium is edematous with hemorrhage. 
The degree of inflammatory cell infiltration is dependent on 
the degree of immunosuppression. Nuclear inclusions are 
large and basophilic, filling the nucleus. In degenerating 
cells, the nuclei have a smudged appearance. Inclusions are 
best demonstrated in the distal tubular epithelium. 


Hantavirus 


Clinical Features 

Hantaviruses are enveloped RNA viruses that occur in 
rodents. Infection of humans results in two patterns of dis- 
ease: hemorrhagic fever with renal syndrome and Hantavirus 
pulmonary syndrome." These occur most frequently in 
China, Korea, and South America. Cases have been described 
in the southwestern United States. Hemorrhagic fever with 
renal syndrome is characterized clinically by an influenza- 
like febrile illness with hemorrhagic manifestations and renal 
failure. The severity is variable depending on the specific 
Hantavirus type. Approximately 7% of cases are fatal. 


Pathology 

Involvement of the kidney manifests as an acute tubuloin- 
terstitial nephritis.**°“°>* There is interstitial edema and 
hemorrhage with a variable mononuclear infiltrate. The cap- 
illaries are dilated and congested. The virus targets endothe- 
lial cells and is concentrated in the interstitial capillaries of 
the medulla. Diagnostic features can be seen in renal biopsy 
if the sample includes tissue from the medulla. 


HYDRONEPHROSIS AND OBSTRUCTIVE 
NEPHROPATHY 


Hydronephrosis is dilatation of the renal pelvis irrespective 
of the pathogenesis. If the obstruction is below the level of 
the ureteropelvic junction, it is accompanied by hydroure- 
ter above the level of the obstruction. Defects involving the 
normal peristalsis in the pelvis and ureter can lead to a func- 
tional obstruction.’ The consequence of chronic obstruc- 
tion on the kidney is known as obstructive nephropathy. 
Extensive studies of ureteral obstruction in animal models 
have demonstrated complex mechanisms that lead to the 
morphologic changes observed.* The renal changes are 
similar irrespective of the etiology. Table 1-10 provides a list 
of the common causes of obstructive nephropathy by level of 
obstruction. Numerous genetic mutations have been linked 
to urinary tract obstruction.*” In this section, further discus- 
sion will be restricted to ureteropelvic junction obstruction. 


Ureteropelvic Junction Obstruction 


Ureteropelvic junction obstruction occurs in an estimated 
1:500 neonates. In this population the most common cause 
is anomalous vasculature with the renal vessels crossing 
anterior to the ureter.**! In patients without crossing vessels 
the etiology remains uncertain. It is believed that defects in 
BMP-4 signaling may be important in the pathogenesis of 
ureteral smooth muscle abnormalities.*°” There is also evi- 
dence that abnormal function of calcineurin interferes with 
normal development of the renal pelvis.°° 


Clinical Features 

Most patients with significant congenital ureteropelvic junc- 
tion obstruction are diagnosed in utero by ultrasound. It is 
more common in boys than in girls and most often affects 
the left side. Symptoms include hematuria and flank pain. 
Obstruction is bilateral in up to 30% of cases. With early 
treatment renal function can be largely preserved. Open 
pyelotomy is the most commonly used treatment when sur- 
gical intervention is required.*°*3 


Pathology 

Gross Features. In early lesions, dilatation of the renal 
pelvis only occurs followed by dilatation of the renal caly- 
ces and blunting of the renal papillae. Eventually the kidney 
becomes a single dilated structure with only a thin rim of 
surrounding atrophic renal parenchyma. Obstruction is often 
complicated by episodes of infection and so obstructive 
nephropathy often shows areas of cortical scarring as well 
as cortical thinning (Fig. 1-90). The term chronic obstructive 
pyelonephritis has been used to describe this pattern. With 
congenital obstruction the kidney shows cystic dysplasia. 


Microscopic Features. Pyeloplasty specimens reveal five 
major histologic findings: normal tissue, chronic inflam- 
mation, smooth muscle hypertrophy (with or without 
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Figure 1-103 Œ Ureteropelvic junction obstruction. In this 
example of congenital ureteropelvic junction obstruction, there is 
no well-defined muscularis propria. Scattered individual smooth 
muscle cells are embedded in a fibrous stroma. 


disorganization), fibrosis, and smooth muscle atrophy 
(Figs. 1-103 and 1-104).%°'%°7 Studies of the smooth mus- 
cle have demonstrated increased expression of SM1 and 
SM2 in congenital ureteropelvic junction obstruction.’ An 
increased density of Cajal-like cells has also been observed.*” 
In patients with crossing blood vessels, the specimens show 
normal histology significantly more often.” The pathol- 
ogy of other causes of ureteropelvic junction obstruction 
listed in Table 1-12 are covered elsewhere and will not be 
detailed here. 

The earliest histologic finding in the kidney is renal 
tubular dilatation. This is followed by tubular atrophy and 
tubular basement membrane thickening. Tubular lumens 
contain hyaline casts. The interstitium becomes fibrotic and 
glomerulosclerosis begins to develop. Tamm-Horsfall pro- 
tein can accumulate within the tubular lumens or can be seen 
within the interstitium. Tamm-Horsfall protein has a glassy 
pale eosinophilic to basophilic appearance on hematoxylin 
and eosin sections and stains strongly with PAS. The stroma 
can demonstrate expression of estrogen and progesterone 
receptors in these cases.*” There is almost always chronic 
inflammation. The glomeruli can appear crowded due to the 
tubular atrophy and can have small glomerular tufts with 
dilatation of the urinary space.'® The picture is complicated 
by changes related to repeated bouts of pyelonephritis. 
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Figure 1-104 Œ Ureteropelvic junction obstruction. In con- 


trast, in this case of congenital ureteropelvic junction obstruction, 
there is thickening and disorganization of the muscularis propria. 


Nephrolithiasis 


Nephrolithiasis is an extremely common condition with an esti- 
mated 7% of women and 13% of men suffering from at least 
one event in their lives.*”'°” In the United States, kidney stones 
are most common in Caucasians followed by Hispanics, Asians, 
and African Americans.*” They most commonly initially occur 
in the fourth to sixth decades and are distinctly uncommon 
before the age of 20.3% There is geographic variability with 
the highest incidence in areas with hot, dry, or arid climates. 
Occupational risk seems to be most related to the degree of heat 
exposure and dehydration, paralleling the climate effect. 


Table 1-12 m CAUSES OF URETEROPELVIC 
JUNCTION OBSTRUCTION 


Congenital ureteropelvic junction obstruction 
Ureteral valves 

Nephrolithiasis 

Fibroepithelial polyp 

Other tumors 

Endometriosis 

Recurrent infections 

Extrinsic compression 

Aberrant blood vessels 

Others 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


52 Urological Pathology 


Table 1-13 GENETIC DISORDERS ASSOCIATED 
WITH HYPERCALCIURIA 
Disease Inheritance Gene 
Bartterlike syndrome type 4 AD CASR 
Distal renal tubular acidosis AD SLC4A1 
Absorptive hypercalciuria AD SAC 
Antenatal Bartter syndrome AR SLC12A1 
type 1 
Antenatal Bartter syndrome AR KCNJ1 
type 2 
Bartter syndrome type 3 AR CLCNKB 
(classic) 
Familial hypomagnesemia AR CLDN16 
with hypercalciuria and 
nephrocalcinosis 
Distal renal tubular acidosis AR ATP6V1B1 
Distal renal tubular acidosis AR ATPVOA4 
Dent disease (X-linked XL CLCN5 
hypophosphatemic rickets) 
Lowe syndrome XL OCRL 
(oculocerebrorenal 
syndrome) 


AD, autosomal dominant; AR, autosomal recessive; XL, X-linked. 


Nephrolithiasis has a broad range of pathogenic mecha- 
nisms.?” These can be classified in a variety of ways. In this 
section, we will focus on the major stone types and on the 
major mechanisms associated with the formation of those 
stones. Calcium-based stones, either the oxalate or the phos- 
phate type, are by far the most common type of stone in 
North America accounting for over 70% of cases. This is fol- 
lowed by struvite, uric acid, and cystine stones in descending 
order. 


Calcium-based Stones 


Calcium-based stones can be calcium phosphate, calcium 
oxalate, or a combination of the two. By far the most common 
etiology of idiopathic nephrolithiasis is idiopathic hypercal- 
ciuria.*”° There is often a family history*’’*” however, the 
genetics of this condition remain poorly understood.*”3*° 
Hypercalciuria can also be secondary to a specific etiol- 
ogy such as hyperparathyroidism.**! There are a number of 
genetic diseases associated with hypercalciuria including 
mutations of the chloride channel gene, CLCN5, located 
on the short arm of the X chromosome, Dents disease,*** 
Bartter syndrome,*™ infantile hypophosphatasia,** and renal 
tubular acidosis (Table 1-13).3” 

A second major factor in the development of calcium 
stones is hyperoxaluria. Oxalate is not metabolized by 
humans and must be excreted in the urine. The number of 
patients with calcium oxalate stones with increased oxalate in 
the urine has been reported to be between 5% and 50%.37°38° 
Hyperoxaluria can be primary or secondary. Primary hyp- 
eroxaluria is caused by deficiencies in the enzymes alanine 


glyoxylate aminotransferase (type 1) or glyoxylate reductase 
(type 2). Both are inherited as autosomal recessive condi- 
tions with type 1 accounting for 70% to 80% of cases.*87388 
Secondary hyperoxaluria is most often due to hyperabsorp- 
tion of oxalate in the gastrointestinal tract. This can occur 
in a wide range of conditions including Crohn disease and 
celiac sprue.**? Increased consumption of oxalate-rich or 
oxalate precursor—rich foods is an important contributing 
factor. These include chocolate from the cacao tree, spinach, 
rhubarb, and tea.’ There is also evidence that calcium oxa- 
late stone formers have decreased Oxalobacter formigenes 
in their intestinal flora.3753°0 

Randall plaques,*’' composed principally of carbapatite, 
develop primarily in the basement membrane of the descend- 
ing thin limb of Henle loop. These are found more often in 
the papillae of stone formers.*”* Their role in the pathogen- 
esis of stone formation remains a debated issue.*” 

Other causes of calcium stones include hypocitraturia, 
renal tubular acidosis, and hyperuricosuria. 


Clinical Features 

These stones are more common in men than in women. 
Diagnosis is usually made at the time of the first episode of 
renal colic. Many small stones may pass spontaneously with- 
out an episode of colic. Larger stones lead to painful epi- 
sodes when they impact in the excretory system. The most 
common sites of impact are within a renal calyx, at the ure- 
teropelvic junction, at the pelvic brim, within the posterior 
pelvis, or at the ureterovesical junction. Congenital anoma- 
lies can be associated with other favored locations. Some 
large stones remain in the renal pelvis and grow there (see 
“Struvite Stone” discussion below). 

The primary hyperoxalurias are responsible for the most 
severe forms of calcium stone disease although there is 
remarkable heterogeneity to the clinical manifestations.*** 
These patients usually present prior to 10 years of age. 

Treatment includes removal of the stones when they 
become impacted using a variety of methods. More important 
is identification of the etiology and therapy aimed at preven- 
tion of further stone formation. For idiopathic hypercalciuria, 
the primary treatment is to reduce the saturation of calcium in 
the urine. The most common approaches are increased fluid 
intake and in many patients the use of thiazide diuretics.” 
Other specific causes of hypercalciuria such as hyperparathy- 
roidism require treatment of the cause of that condition. 

Primary hyperoxaluria is an important cause of renal 
failure in children if not diagnosed early. Renal failure also 
leads to deposits of oxalate crystals in many other sites 
including the myocardium. Treatment of primary hyperox- 
aluria is dependent on the type and on the specific mutation 
responsible. Initial management is based on maintaining a 
high daily fluid intake. Many patients with type | disease 
respond to pyridoxine therapy. Alkali citrate treatment is 
also successful in some. For those not responsive to these 
approaches, combined liver and renal transplantation is the 
preferred treatment.** 
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Figure 1-105 Œ Hypophosphatasia. In this 2-year-old patient with infantile hypophosphatasia, there is extensive tubular and intersti- 


tial calctum deposition (A and B). 


Pathology 

For the most part the pathology of nephrolithiasis is not spe- 
cific to the type of stone but is secondary to the effects of 
obstruction. Pathologic features of obstructive nephropathy 
are covered elsewhere in this chapter and will not be further 
discussed here. With hypercalciuria of any cause, deposits of 
calcium within the distal tubules, collecting ducts, and inter- 
stitium can be seen and is referred to as nephrocalcinosis 
(Fig. 1-105A and B). The kidney in primary hyperoxaluria, 
particularly the type 1 form, shows severe nephrocalcinosis 
with calcium oxalate crystals deposited in the tubular epithe- 
lial cell cytoplasm, the tubular lumens, and the interstitium. 
Deposits of calcium crystals in the interstitium and tubular 
basement membranes in the papillary tips are referred to as 
Randall plaques. There is progressive interstitial fibrosis and 
inflammation. 


Struvite (Infection) Stones 


Calculi composed of ammonium phosphate (struvite), often 
in combination with carbonate apatite, are variably referred 
to as struvite, triple phosphate, or urease stones (Fig. 1-106). 
Because they characteristically develop in the setting of 
infection with urease-producing microorganisms (most often 
Proteus species), these are also often referred to as infection 
stones. Many patients have other conditions associated with 
stone formation.*? Once established, these stones grow and 
branch forming the characteristic “staghorn calculus.” 


Clinical Features 

Struvite stones are more common in patients with a predispo- 
sition to upper tract infection such as obstructive nephropa- 
thy, vesicoureteral reflux, and neurogenic bladder. Treatment 
is difficult as the microorganisms are integrated into the 
stone material making eradication of the infection difficult if 
not impossible. Percutaneous nephrolithotomy is considered 
the best option for most patients with staghorn calculi.’ 
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Pathology 

Struvite stones, in particular staghorn calculi, are associated 
with a wide range of pathologic changes related to the effects 
of obstruction and infection. Changes of acute and chronic 
pyelonephritis are present. A particular pattern of inflam- 
mation, xanthogranulomatous pyelonephritis, is considered 
characteristic of staghorn calculi (Fig. 1-107). This is dis- 
cussed in detail in the following section. 


Figure 1-106 W Struvite stones. Multiple variably sized 
stones within the renal calyces and renal pelvis. 
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Figure 1-107 W Struvite stone. Typical staghorn calculus 
removed from the renal pelvis and calyces. 


Uric Acid Stones 


Uric acid stones account for about 5% to 10% of stones in 
North America. There is a higher rate among patients with 
gout., In most patients, the cause is idiopathic. Inborn 
errors of purine and pyrimidine metabolism account for a 
small percentage of cases.*°* The combination of a high con- 
centration of uric acid in low-volume urine with a low pH 
is most conducive to stone formation. In a small percentage 
of patients, conditions associated with the overproduction 
of uric acid are primarily responsible. A high percentage 
of patients with idiopathic uric acid stones have the meta- 
bolic syndrome that is associated with increased risk for 
type 2 diabetes mellitus and atherosclerotic coronary artery 
disease.*” 


Clinical Features 

Gout is a general term for symptomatic disease related to 
the deposition of uric acid in tissues. In the kidney, this most 
often manifests as uric acid stones that present with episodic 
renal colic. An acute form related to a sudden, overwhelming 
excess of uric acid can lead to diffuse crystal deposition in 
renal tubules leading to acute renal failure. This is most often 
seen at the start of chemotherapy in patients with malignant 
lymphoma or hematopoietic malignancies. Patients with 
long-standing hyperuricosuria can develop interstitial crys- 
tal deposits with associated secondary changes, referred to 
as gouty nephropathy. 


crystals in the renal medulla. 


Treatment is aimed at reducing the concentration of uric 
acid in the urine and inhibiting crystal precipitation. This 
includes increased fluid intake, alkalinization of the urine, 
reduced dietary intake, and treatment with allopurinol. 


Pathology 

In patients with gouty nephropathy, gouty tophi with needle- 
shaped crystals and an inflammatory reaction that includes 
foreign body type giant cells can be seen within the kidney 
interstitium (Fig. 1-108). In acute uric acid nephropathy, 
there is deposition of uric acid crystals within tubules in the 
medulla. 


Cystine Stones 


Cystinuria refers to the excessive secretion of cystine in the 
urine. This occurs in a variety of inherited conditions that 
can be autosomal recessive (type 1) or incomplete recessive 
(types 2 and 3). The defects involve a family of solute carrier 
genes?” resulting in hypersecretion of cystine. 


Clinical Features 

The clinical features are variable depending on the muta- 
tion present. In general these patients first develop stones 
in the second or third decade. Stones range from small cal- 
culi to staghorn calculi. Cystine stones are often resistant 
to extracorporeal shock-wave lithotripsy. Treatment is aimed 
at reducing the concentration of cystine in the urine by 
increased fluid intake, reduced sodium in the diet, increasing 
the alkalinity of the urine, and low-protein diets.3°8400 


Pathology 

Cystine crystal deposits can be seen within tubular lumens 
as well as in the interstitium. The crystals are hexagonal 
in shape. Long-term renal damage in these patients is not 
related to severe nephrocalcinosis but more to repeated epi- 
sodes of urinary tract obstruction and infection.*” 
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Other Stones 


There are other rare stones that can develop. There is a rare 
autosomal recessive disorder that results in xanthinuria and 
the formation of xanthine stones.*°*#°! Matrix stones are 
stones with little or no mineral content formed of muco- 
polysaccharides and mucosubstances.*” These develop most 
often in the setting of infection. There are also selected med- 
ications such as ephedrine that in certain circumstances can 
lead to stone formation.* 


Nephrocalcinosis 


Nephrocalcinosis refers to renal parenchymal calcium 
deposits and is distinct from nephrolithiasis although the 
two do frequently coexist. Nephrocalcinosis is best consid- 
ered a tubulointerstitial disorder characterized by tubular 
calcifications with associated tubular atrophy and interstitial 
fibrosis. Any condition leading to hypercalcemia or hyper- 
calciuria can result in nephrocalcinosis. A number of other 
specific associations have been described including AIDS, 
primary hyperaldosteronism, cystic fibrosis, and Sjögren 
syndrome.“ Several drugs have also been associated 
with the development of nephrocalcinosis.** 


Clinical Features 

The clinical presentation may be dominated by the underlying 
disease process. Nephrocalcinosis can be diagnosed by radi- 
ography, ultrasound, and computed tomography.*” In many 
cases nephrocalcinosis is not clinically significant. With more 
diffuse tubular calcium deposition renal impairment occurs. 
In young children nephrocalcinosis can be associated with 
failure to thrive and psychomotor delay.“ Impaired renal 
function can be reversed by treatment of the underlying cause. 


Pathology 

Grossly the calcium deposits may appear as white streaks or 
small granular deposits. Calcium deposition occurs through- 
out the nephron. There is deposition in the tubular basement 
membranes resulting in a purplish tinge most readily appre- 
ciated in the proximal tubules. Microconcretions are also 
found within tubular lumens. These are most prominent and 
numerous in the collecting ducts. Both small and large cal- 
cifications are present within the interstitium (Fig. 1-109). 
Glomeruli are infrequently involved.“ The distribution of the 
calcium deposition is variable, however, and certain patterns 
are seen in some specific underlying condition. Secondary 
effects are tubular atrophy and interstitial fibrosis. The latter 
results in wedge-shaped scars. At later stages of the disease 
there is glomerulosclerosis and vascular changes occur. 


Inflammatory Pseudotumors 


Certain inflammatory processes involving the kidney can 
simulate neoplasms clinically and pathologically. 
Xanthogranulomatous pyelonephritis can be mistaken for 
renal cell carcinoma, and inflammatory pseudotumor has 
been mistaken for renal sarcoma or sarcomatoid carcinoma. 
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Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis is a relatively uncom- 
mon inflammatory disease of the kidney.*!'+'4 However, it is 
a frequent histologic variant of surgically managed pyelone- 
phritis, corresponding to almost 20% of such cases.*'° 

The two most common factors predisposing to the devel- 
opment of xanthogranulomatous pyelonephritis are obstruc- 
tion and infection. Calculi have been reported as a cause of 
obstruction in up to 78% of cases? and are frequently of 
the large staghorn type. Less common causes of obstruc- 
tion include renal pelvic urothelial neoplasms, congenital 
ureteropelvic junction obstruction, tumors of the ureter and 
postirradiation stricture. In some cases, no cause for the 
obstruction is apparent.*!? 

Escherichia coli and Proteus species are the most com- 
monly implicated organisms. However, many other organ- 
isms have been cultured from the urine, including Klebsiella 
species, Pseudomonas species, and Enterococcus faecalis. 
The urine is sterile in an appreciable number of cases." 

Xanthogranulomatous pyelonephritis probably assumes 
its appearance because of massive parenchymal necrosis and 
interference with urinary drainage with resulting accumula- 
tion of foam cells. Ultrastructural studies of the lipid-laden 
macrophages, which are typically PAS-negative or only 
weakly positive, have demonstrated intracellular bacteria.*'° 


Clinical Features 
Xanthogranulomatous pyelonephritis may occur at any 
age. In adults, females are afflicted more often than males 
(4:1 ratio) and the peak incidence is in the fifth and sixth 
decades.*'* Appreciable numbers have been recorded in 
childhood*!”4'8 and even in infancy.*'? Of the more than 400 
cases published by 1996, approximately one-fourth occurred 
in children.*”° 

In general, xanthogranulomatous pyelonephritis is a uni- 
lateral disease, and both kidneys are involved with equal 
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frequency*’**3; occasionally, it is bilateral.*'3*?! Usually 
the whole kidney is involved (the generalized form), but 
restricted focal forms are not uncommon and are found both 
in adults*!4” and in children.4!7420:423,424 

Symptoms are frequently nonspecific and include various 
combinations of malaise, weight loss, fever, leukocytosis, 
pyuria, and hematuria. Flank tenderness and an ill-defined, 
palpable flank mass are common. 

Increasingly sensitive radiologic investigations (ultraso- 
nography, four-phase computed tomography, and magnetic 
resonance imaging) in combination with clinical suspicion 
have made the preoperative diagnosis of xanthogranuloma- 
tous pyelonephritis possible.*'’ Renal enlargement, presence 
of stones or tumors in the renal pelvis, infected areas, and 
spread of infection to perinephric (stage II) and paranephric 
(stage III) tissues may all be detected.*!* A particularly high 
degree of diagnostic precision has been achieved with com- 
puted tomography.‘ 

Nephrectomy, with or without adjunctive antibiotic ther- 
apy, has been the treatment of choice for xanthogranuloma- 
tous pyelonephritis and is considered curative. Segmental 
resection has been shown to be curative in the focal form.*”” 
There are rare reports of successful treatment of focal xan- 
thogranulomatous pyelonephritis with antibiotics only. 


Pathology 

Gross Features. The kidney with diffuse xanthogranu- 
lomatous pyelonephritis is enlarged and frequently has 
prominent perirenal fibrosis and adhesions. The dilated pel- 
vis frequently contains a staghorn calculus in addition to 
necrotic material and pus (Fig. 1-110). Calyces are dilated, 
papillae are lost, and there may be considerable cortical thin- 
ning. Expanded calyces are lined by a yellowish zone that 
is friable on the inner aspect (Fig. 1-111). The parenchyma 
contains similar foci of yellowish material, while the rest of 
it is brownish and firm due to fibrosis and cellular infiltra- 
tion. In some cases a more discrete mass mimicking a tumor 
can be seen. 


Microscopic Features. The yellow areas correspond to 
numerous large, finely granular foam cells, which contain 
lipid (neutral fat and cholesterol ester) (Fig. 1-112). On 
the inside of the yellow zone, nearest the calyx, there is 
necrotic debris with many neutrophils. Foci of calcification 
are not uncommon. In the outer parts of the yellow zone are 
mononuclear inflammatory cells, plasma cells, eosinophils, 
and fibroblasts. Multinucleate giant cells may be present 
(Fig. 1-113). The spindle cell proliferation can be quite exu- 
berant with fascicles of myofibroblasts with reactive nuclear 
atypia and mitotic activity (Fig. 1-114). The fascicles may be 
poorly formed or relatively well-defined (Fig. 1-115). Even 
in relatively pure spindle cell areas, occasional foamy mac- 
rophages can usually be identified. The outer cortex shows 
changes of chronic pyelonephritis with interstitial fibrosis, 
chronic inflammation, and variable tubular atrophy and/or 
dilation. Areas of necrosis are common (Fig. 1-116). The 
inflammatory process extends out into the perinephric soft 


Figure 1-110 E Xanthogranulomatous pyelonephritis. Multi 
ple and in areas confluent bright yellow plaques within the renal 
parenchyma, around the renal calyces, and in areas of perinephric 
fibrosis. Fragments of renal calculi remain in the calyces. 


tissues and when combined with a mass-like lesion simu- 
lates extension of a tumor beyond the confines of the kidney. 


Differential Diagnosis 

The focal variant may be grossly mistaken for a tumor. These 
localized areas of involvement show pathologic features 
identical to those described for the generalized form and are 
often related to a stone that has formed either in a single 
dilated calyx or in the ureter in the case of a duplicated col- 
lecting system.*” The foamy macrophages of xanthogranu- 
lomatous pyelonephritis can generally be distinguished from 
the clear cells of renal cell carcinoma by their lack of nuclear 
atypia and clear rather than foamy cytoplasm. The associated 
zonal inflammatory infiltrate and absence of a rich capillary 
vascular network further support a diagnosis of xanthogran- 
ulomatous pyelonephritis. Xanthogranulomatous pyelone- 
phritis is distinguished from malakoplakia by the absence 
of Michaelis-Gutmann bodies and the more polymorphous 
nature of the inflammatory infiltrate. 


Malakoplakia 


Malakoplakia is an unusual inflammatory condition that is 
well known to urologists, who are familiar with the character- 
istic small, discrete, yellowish-brown plaques or nodules seen 
on the bladder mucosa during cystoscopy. Similar nodules 
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Figure 1-111 & Xanthogranulomatous pyelonephritis. Mul- 
tiple variably sized yellow plaques throughout the renal paren- 
chyma and around the renal calyces are present. 


are found less frequently in the ureter and renal pelvis and 
occasionally in the renal parenchyma, where they are much 
larger and may extensively involve the entire organ.#748 
While it is accepted that malakoplakia is of infective ori- 
gin, it is not clear why it should take on its unique appear- 
ance. The macrophages with PAS-positive granules and the 
Michaelis-Gutmann bodies have been studied extensively 


polymorphous inflammatory infiltrate that in this area includes 
large numbers of foamy histiocytes. 
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Figure 1-113 WŒ Xanthogranulomatous pyelonephritis. A 


multinucleated giant cell with a mixed chronic inflammatory infil- 
trate in the perinephric fat. 
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area of spindle cell proliferation with the formation of fascicles. 
Note the chronic inflammatory infiltrate in the background. 


FIGURE 


1-115 Œ Xanthogranulomatous pyelonephritis. A 
less well-defined area of spindle cell proliferation; note the pres- 
ence of a few foamy histiocytes. 
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Figure 1-116 WE Xanthogranulomatous pyelonephritis. An 
area of necrosis with surrounding foamy histiocytes. 


with the electron microscope both in renal and in nonre- 
nal cases with more or less consistent findings.*??! The 
PAS-positive granules in the macrophages correspond to 
phagolysosomes, which contain complex membranous 
whorls related to degraded bacteria. It is believed that the 
Michaelis-Gutmann body is formed by aggregation of crys- 
tals upon a nidus of bacterial breakdown products contained 
in phagolysosomes. 

The frequent association of malakoplakia with various 
abnormalities of the immune system or with the administra- 
tion of immunosuppressive agents*” has led to the idea that 
there are deficiencies in the ability of leukocytes to dispose 
of bacteria. McClure*** concluded, however, that while a 
small number of patients with extensive malakoplakia may 
have defective monocyte bacterial function, most patients 
with the localized form do not. 


Clinical Features 
Renal malakoplakia affects females more often than males 
(3:1 ratio). It can occur at any age and has been reported 
in an 8-week-old infant. The mean age for women is 
45 years, and the peak incidence for men is in the sixth 
decade.*> Malakoplakia often affects both kidneys, and it 
has assumed a bilateral form in 33%**° to 50% of cases.*3” 
Symptoms of renal malakoplakia are generally related to 
urinary tract infection and include flank pain, fever and rigors; 
signs of perinephric abscess may be noted. Because bilateral 
involvement is not uncommon, renal failure may be present in 
a significant number of cases.^5%84° It is a rare cause of acute 
renal failure.“ Cases presenting as an isolated renal mass are 
described. Culture of the urine reveals Æ. coli in most cases. 
Renal malakoplakia has been associated with a sub- 
stantial mortality rate (70%) and poor recovery of renal 
function.” However, early diagnosis by renal biopsy, with 
prompt and prolonged use of appropriate antibiotics, signifi- 
cantly reduces the mortality rate. It can be accurately diag- 
nosed by either open or needle biopsy.‘ 


Pathology 

Gross Features. The kidney may show the effects of 
obstruction caused by foci of ureteric malakoplakia, includ- 
ing pelvicalyceal dilation with pus in the pelvis and thinning 
of the renal parenchyma. Calculi are seldom noted in the 
pelvis and calyces. Perinephric abscess is not uncommon.*** 
Parenchymal involvement consists of yellowish or tan nod- 
ules of variable size, which may remain discrete, coalesce 
to involve much of the kidney, or undergo suppuration with 
abscess formation. A mass lesion simulating a tumor can 
occur.*”* The diffuse variant of malakoplakia is much more 
common than the focal form. Yellow areas lining a dilated 
calyx are sometimes present. 


Microscopic Features. The lesions of renal and urinary 
bladder malakoplakia are identical (see Chapter 5). In the 
kidney, the component structures of the kidney, particularly 
the tubules, are severely damaged, and changes of obstruc- 
tive atrophy may be present. 


Differential Diagnosis 

The renal parenchymal changes of malakoplakia are accom- 
panied by an interstitial collagenous reaction, which may 
be fine or coarse with a superficial resemblance to a con- 
nective tissue neoplasm. Unless Michaelis-Gutmann bodies 
are diligently sought, the diagnosis of malakoplakia may be 
overlooked. 

Malakoplakia shares overlapping gross and microscopic 
features with xanthogranulomatous pyelonephritis.°** It 
has been speculated that the formation of the Michaelis- 
Gutmann body is related to the rate of which a nidus is 
cleared from a focus of infection and that malakoplakia 
might simply represent a xanthogranulomatous reaction in 
which bacterial degradation is abnormal. 

Megalocytic interstitial nephritis is a rare condition with 
many of the features of malakoplakia.*” It may involve the 
kidney diffusely, with multiple grayish foci of various sizes*” 
or appear as a solitary cortical nodule“? resembling a tumor. 
Microscopically, there are large numbers of polygonal cells 
with coarsely granular eosinophilic cytoplasm. The gran- 
ules are strongly PAS-positive. The absence of Michaelis- 
Gutmann bodies in megalocytic interstitial nephritis has 
been emphasized by some authors, who regard it as a predi- 
agnostic phase of malakoplakia.**° 


Sarcoidosis 


Clinical Features 

Sarcoidosis is a systemic disease that can involve the kid- 
neys. Most often renal involvement results in granulomatous 
tubulointerstitial nephritis. It has been estimated that approx- 
imately 1.5% of patients with sarcoidosis have renal involve- 
ment.”* In rare cases the involvement results in formation of 
a mass lesion that mimics a renal tumor.?®4 Patients present 
with acute renal failure with proteinuria and/or microscopic 
hematuria. Most patients respond to therapy with only a 
small percentage going on to the end-stage renal disease. 
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Pathology 

In most cases there is a granulomatous interstitial nephri- 
tis. The granulomas are well-formed and noncaseating 
(Fig. 1-94). In one series, renal biopsies did not show granu- 
lomas in 10 of 47 cases. There is associated acute and chronic 
inflammation with tubular atrophy and interstitial fibrosis. 
Interstitial calcifications are present in 15% of cases. 


Amyloidosis 


Clinical Features 

The kidney is one of the most important involved organs 
in patients with systemic amyloidosis.“ In general renal 
amyloidosis is considered one of the medical diseases of the 
kidney and it is beyond the scope of this chapter to cover 
the topic. Amyloid deposition results in enlarged kidneys in 
a minority of patients. There are cases of amyloid deposi- 
tion that result in the formation of mass lesions that raise 
the possibility of a tumor (so-called amyloidoma). These 
occur most often in the brain and soft tissue but have been 
described in many other locations.“*°*’ These can form with 
or without systemic amyloidosis. 


Pathology 

The kidney in amyloidosis can be enlarged with a pale waxy 
appearance to the cut surface. Amyloid deposition occurs 
throughout the kidney with the glomerular mesangium being 
most prominent followed by the interstitium and the renal 
vasculature. Amyloidomas are formed by large deposits of 
amyloid having the typical histologic and ultrastructural fea- 
tures of amyloid.** 


Inflammatory Myofibroblastic Tumor 


Inflammatory myofibroblastic tumor (IMT), also termed 
plasma cell granuloma, inflammatory pseudotumor, and 
pseudosarcomatous fibromyxoid tumor, has been identified 
at multiple extrapulmonary sites.““°*°° In the genitourinary 
tract, the urinary bladder is the most common site of occur- 
rence.**'* There have been <50 reported cases of IMT of 
the kidney, renal pelvis, and ureter.*°*“ 


Etiopathogenesis 

The pathogenesis of IMT remains uncertain. Clonal abnor- 
malities have recently been identified, supporting the neo- 
plastic nature of the myofibroblastic proliferation in many 
IMTs. Studies have demonstrated clonal abnormalities of 
the short arm of chromosome 2 in the region of p21-p23, 
the site of the anaplastic lymphoma kinase (ALK) gene 
that codes for tyrosine kinase inhibitor.“ ALK abnor- 
malities have been reported in 37% to 60% cases studies by 
immunohistochemistry and fluorescence in situ hybridiza- 
tion. It has been observed that ALK-negative cases tend to 
occur in older patients and ALK-positive cases in younger 
patients (children and young adults).4°4° In a study of 
IMT of the urinary bladder, this age-associated occurrence 
of ALK-rearrangement positive tumors was not observed; 
however, a statistically significant gender predilection for 
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ALK-rearrangement-positive IMT in females versus ALK- 
rearrangement-negative tumors in males was identified.“ 


Clinical Features 
Mean age of patients at presentation is the fifth to sixth decade 
(range 3 to 76 years). Childhood cases are distinctly uncom- 
mon.****6 There is a slight male predilection (1.5:1). The 
majority of tumors are discovered incidentally.*** Less com- 
monly, patients present with flank pain, painless gross hema- 
turia, or ureteropelvic junction stenosis with hydronephrosis. 
Examples of bilateral renal infiltration with diffuse enlarge- 
ment and asymptomatic renal failure have been reported.*°“* 
Tumors are principally related to the renal parenchyma (56%) 
but also occur in the renal pelvis and adjacent soft tissue 
(38%) and immediate perirenal soft tissue (6%).*°” 
Clinically, IMT mimics malignancy, and surgical exci- 
sion remains the cornerstone of management. These tumors, 
however, generally behave in an indolent manner. Local 
recurrence and malignant transformation have been reported 
in a small subset of patients, particularly in those cases in 
which complete surgical excision was not possible. No 
recurrences or metastases have been reported in IMTs aris- 
ing in the urinary bladder**“® or kidney.“ Resolution of the 
lesion with steroid therapy has been reported.*® 


Pathology 

Gross Features. IMTs are nonencapsulated and completely or 
partially circumscribed, and can measure up to 14 cm in maxi- 
mum dimension. Tumors consist primarily of firm white-tan 
tissue with no evidence of hemorrhage or necrosis (Fig. 1-117), 
or they have a myxoid “gelatinous” appearance with areas of 
hemorrhage (Fig. 1-118). Cystic change can be present.**” 


Microscopic Features. Three histologic patterns can be 
identified, with one pattern predominating in the majority 
of tumors: (i) loosely organized spindle cells admixed with 
small blood vessels and inflammatory cells, ina myxoid back- 
ground (Fig. 1-119), (ii) spindle cell proliferation admixed 
with variable amounts of dense collagen, lymphoid aggre- 
gates often forming follicles, and plasma cells (Fig. 1-120), 
and (iii) hypocellular fibrous tissue with dense “keloid-like” 
fibrosis and sparse inflammatory cells (Fig. 1-121). 

The spindle cell proliferation typically consists of rela- 
tively uniform cells with no nuclear atypia and rare mitoses 
(Fig. 1-122). A predominance of foamy histiocytes (plasma 
cell granuloma) and focal osseous metaplasia can occur. 
Rarely, there is prominent nuclear atypia with round cell 
change and/or ganglion-like cells with atypical nuclei. 


Immunohistochemical Features. There is strong diffuse 
immunoreactivity for vimentin (Fig. 1-123A); smooth mus- 
cle actin and muscle-specific actin (HHF-35) are positive in 
the majority of cases (focal to diffuse) (Fig. 1-123B). A renal 
pelvic IMT occurring in a 3-year-old girl was positive for 
ALK-1.*°° However, in the renal IMTs reported by Kapusta 
et al., ALK-1 was negative in all cases tested (Fig. 1-123C), 
as were desmin, CD34, and pancytokeratins*® (Fig. 1-123D). 
In contrast, cytokeratin expression is frequently identified in 
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Figure 1-119 E Inflammatory myofibroblastic tumor. A 
myxoid pattern with elongated spindle-shaped cells and an inflam- 
matory infiltrate in the background. 


Figure 1-117 E Inflammatory myofibroblastic tumor. The 
tumor is well-circumscribed with an apparent fibrous capsule. 


Figure 1-120 E Inflammatory myofibroblastic tumor. A 
myxoid lesion with an abundant chronic inflammatory infiltrate 
that includes large numbers of plasma cells. 
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Figure 1-118 E Inflammatory myofibroblastic tumor. The Figure 1-121 E Inflammatory myofibroblastic tumor. A case 


mass is well-circumscribed and has a thin capsule and a glistening, with a hypocellular keloid-like pattern containing a few scattered 
gelatinous cut surface. inflammatory cells; note the entrapped atrophic tubule. 
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bladder IMTs, with over 60% of tumors staining for cyto- 
keratin AE1/AE3.*!4¢!46 The spindle cells show myofibro- 
blastic differentiation by ultrastructural examination. 


Differential Diagnosis 

Both leiomyosarcoma and sarcomatoid renal cell carcinoma can 
generally be distinguished from IMT by their infiltrative growth 
pattern, overt cellular pleomorphism, and high mitotic rate. 
Nonetheless, misdiagnosis can occur.“ Immunohistochemistry 
can assist in the differential diagnosis with myxoid leiomyosar- 
coma expressing muscle markers including desmin and only 
weakly or not expressing cytokeratins. Solitary fibrous tumor, 
which can involve the renal capsule*” or be intrarenal,*”! has 
histologic features similar to IMT. Immunohistochemistry is 
critical to making the correct diagnosis: solitary fibrous tumor 
is strongly and diffusely CD34 positive with heterogeneous 


Figure 1-122 E Inflammatory myofibroblastic tumor. The ies : Á 
spindle-shaped cells have abundant eosinophilic cytoplasm and large, staining for bcl-2 and CD99; smooth muscle actin, desmin, 
uniform fusiform nuclei. There is no significant cytologic atypia. and keratin (AE1/AE3 and CAM 5.2) are negative. 
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Figure 1-123 E Inflammatory myofibroblastic tumor. Immunohistochemistry results in this example revealed positive immunoreac- 
tivity for vimentin (A) and muscle-specific actin (B) with an absence of immunoreactivity for ALK (C) and pancytokeratin (AE1/AE3, D). 
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Tumors of the Kidney 


BRETT DELAHUNT, DAVID J. GRIGNON, and JOHN N. EBLE 


CLASSIFICATION | 


The classification of tumors of the kidney has changed a great 
deal in the past three decades. The modern era of classification 
of epithelial tumors began in 1986 with the Mainz classifica- 
tion that was based on cytoplasmic staining characteristics and 
ultrastructural features.' This was followed by proposals based 
on the emerging recognition of the cytogenetic characteristics 
of these tumors? that expanded our understanding of this group 
of tumors. These led to classification schemes proposed at 
meetings held in Heidelberg? in 1996 and at the Mayo Clinic* in 
1997 that formed the basis for the World Health Organization 
classification that subsequently gained near-uniform accep- 
tance. In 2012, the International Society of Urologic 
Pathology (ISUP) held a consensus conference to review and 
update the 2004 WHO classification. The recommendations of 
this group are included in the following discussions. The past 
few years have also seen changes in the classification of mes- 
enchymal tumors of the kidney. This system is summarized in 
Table 2-1 and forms the basis for the following discussions.’ 
Readers interested in a more detailed discussion of the history 
of the classification of renal cell carcinoma (RCC) are referred 
to the review by Delahunt and Eble.* Urothelial neoplasms of 
the renal pelvis are discussed in Chapter 4. 


EPITHELIAL TUMORS—BENIGN | 


Papillary Adenoma 
Introduction 


Renal adenoma was first utilized as a diagnostic category 
for renal neoplasia in the classification proposed by Sturm 
in 1875. In this and subsequent classifications, it was noted 
that adenomas could be solitary or multiple and may show 
transformation into malignant tumors. In later studies, ade- 
nomas were distinguished from carcinomas on the basis of 
size, circumscription, and absence of metastases, and both 
papillary and alveolar forms were described.’ A number of 
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authors noted difficulties in distinguishing between adenoma 
and their malignant counterparts, and in some series giant 
forms were diagnosed on the basis of low-grade nuclear 
pleomorphism and lack of metastases. 

In 1938, Bell proposed a classification of renal neopla- 
sia based upon the findings of 30,000 autopsies and defined 
renal adenoma as tumors <3 cm in diameter. He further dif- 
ferentiated between these and multiple adenomas associated 
with atherosclerotic kidneys, for which he claimed there 
was no evidence of malignant potential.!° Bell expanded his 
series in 1950, noting that tumors <3 cm in diameter rarely 
formed metastases. Somewhat paradoxically, he also noted 
that all solid adenomas appeared to be small carcinomas.'! 

Several studies investigated the importance of tumor 
size in differentiating renal adenoma and carcinoma, with 
metastasis being demonstrated in primary tumors as small 
as 9 mm in diameter. In the Mainz classification published 
in 1986, renal adenomas were defined as low-grade tumors 
<] cm in diameter.' In this classification adenomas were 
not identified on the basis of morphology, implying that all 
small, well-differentiated, renal cortical tumors were benign. 

Autopsy data have shown that localized papillary renal 
epithelial neoplasms <5 mm in diameter occur in up to 37% 
of adults.'* From this, it was concluded that almost all small 
papillary neoplasms exhibit benign behavior and are prob- 
ably incapable of progression without some transforming 
event. Based upon these observations, it has been proposed 
that the term papillary adenoma be confined to low-grade 
tumors of papillary or tubular architecture, measuring 
<5 mm in maximum diameter.’ This recommendation was 
endorsed by the Heidelberg and Rochester consensus con- 
ferences and the workgroup that established the 2004 WHO 
classification of tumors of the kidney.* Small epithelial 
tumors other than these papillary ones should be classified 
as carcinomas regardless of size. 


Epidemiology and Clinical Features 


In several studies, small renal epithelial tumors were found 
in the renal cortex of 4% to 37% of autopsy patients.!? Where 
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Table 2-1 


CLASSIFICATION OF RENAL NEOPLASIA 


THE INTERNATIONAL SOCIETY OF UROLOGICA 
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PATHOLOGY VANCOUVER 


Renal cell tumors 

Papillary adenoma 

Oncocytoma 

Clear cell renal cell carcinoma 
Multilocular clear cell renal cell neoplasm of low 

malignant potential 

Papillary renal cell carcinoma 

Chromophobe renal cell carcinoma 
Hybrid oncocytic chromophobe tumor 

Carcinoma of the collecting ducts of Bellini 

Renal medullary carcinoma 

MiT family translocation renal cell carcinoma 
Xp11 translocation renal cell carcinoma 
t(6;11) renal cell carcinoma 

Carcinoma associated with neuroblastoma 

Mucinous tubular and spindle cell carcinoma 

Tubulocystic renal cell carcinoma 

Acquired cystic disease—associated renal cell 
carcinoma 

Clear cell papillary renal cell carcinoma 

Hereditary leiomyomatosis-associated renal cell 
carcinoma 

Renal cell carcinoma, unclassified 

Metanephric tumors 

Metanephric adenoma 

Metanephric adenofibroma 

Metanephric stromal tumors 


Nephroblastic tumors 
Nephrogenic rests 
Nephroblastoma 

Mesenchymal tumors 

Occurring mainly in children 
Clear cell sarcoma 
Rhabdoid tumor 
Congenital mesoblastic nephroma 
Ossifying renal tumor of infants 


Occurring mainly in adults 
Leiomyosarcoma (including renal vein) 
Angiosarcoma 
Rhabdomyosarcoma 
Malignant fibrous histiocytoma 
Hemangiopericytoma 
Osteosarcoma 
Synovial sarcoma 
Angiomyolipoma 

Epithelioid angiomyolipoma 
Leiomyoma 
Hemangioma 
Lymphangioma 
Juxtaglomerular cell tumor 
Renomediullary interstitial cell tumor 
Schwannoma 
Solitary fibrous tumor 

Mixed mesenchymal and epithelial tumors 
Cystic nephroma/mixed epithelial and stromal tumor 

Neuroendocrine tumors 
Carcinoid (low-grade neuroendocrine tumor) 
Neuroendocrine carcinoma (high-grade neuroendocrine 

tumor) 
Primitive neuroectodermal tumor 
Neuroblastoma 
Pheochromocytoma 

Hematopoietic and lymphoid tumors 
Lymphoma 
Leukemia 
Plasmacytoma 

Germ cell tumors 
Teratoma 
Choriocarcinoma 

Metastatic tumors 

Other tumors 


Modified from Srigley JR, Delahunt B, Eble JN, et al. Vancouver classification of renal neoplasia. Am J Surg Pathol 2013; In press. 


detailed sectioning of the kidney was undertaken, these were 
detected in 10% of individuals aged 21 to 40 years and 40% 
of those aged 70 to 90 years. Papillary adenomas occur more 
frequently in sclerotic kidneys associated with renal vascular 
disease, and their occurrence has been positively correlated 
with chronic tobacco use.'*!* Papillary adenomas are more 
commonly seen in patients on long-term hemodialysis and 
have been reported in 33% of patients with acquired cys- 
tic renal disease.! In a more recent series, renal adenomas 
were found in 14% of patients undergoing transplantation 
for end-stage renal disease, with increased occurrence inde- 
pendently associated with male sex, older age, and longer 
dialysis duration.'® Papillary adenomas have been reported 
in kidneys bearing RCCs."” 

Virtually all papillary adenomas are clinically silent and 
are detected in kidneys removed for other reasons. The use 
of high-definition modern imaging techniques does allow for 
the detection of papillary adenomas in vivo. 


Pathology 


Gross Features 

Papillary adenomas are usually confined to the renal cortex 
and are often subcapsular in distribution. On sectioning they 
are gray or tan or yellow, and larger adenomas are often 
wedge shaped, with the base adjacent to the cortical surface.’ 
In some instances, numerous papillary adenomas may be 
present in the same kidney, and the term renal adenomatosis 
is applied. 


Microscopic Features 

Papillary adenomas show a papillary, tubular, or tubulo- 
papillary architecture.’ Tumor cells have basophilic to 
eosinophilic cytoplasm, and either a type 1 or type 2 mor- 
phology (Figs. 2-1 through 2-4), as described for papillary 
RCC, may be present. Similarly, cytoplasmic clearing can 
be present, and this should not lead to a diagnosis of clear 
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FIGURE 2-1 E 
cortex. 


cell RCC. The nuclei are round to oval with stippled to 
clumped chromatin. Nuclear grooves are often seen. There 
is minimal nuclear pleomorphism, nucleoli are inconspicu- 
ous, and mitotic figures are rarely identified. Aggregates of 
foamy macrophages and psammoma bodies may be present 
in papillary adenomas; however, necrosis and hemorrhage 
are rare. Small papillary adenomas are usually not encap- 
sulated and blend with adjacent benign tubular epithelium. 
Larger adenomas may be enclosed by a partial or fully 
investing thin connective tissue capsule.'* In rare instances, 
adenomatous proliferation is confined to the Bowman cap- 
sule, and this is most commonly seen in individuals with 
hepatic malignancy.” 


Ancillary and Special Studies 

Most adenomas show positive expression of epithelial mem- 
brane antigen, cytokeratin 7, low molecular weight cytokera- 
tin, and high molecular weight cytokeratin. There is usually 
positive expression for alpha-methylacyl-CoA-racemase 
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Figure 2-2 W Papillary adenoma type 1 growing with closely 
packed papillae giving an appearance of solidity. 
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Figure 2-3 W Papillary adenoma type 2 arising in the renal 
cortex just beneath the renal capsule. The branching pattern of the 
papillae is simpler than that of papillary adenoma type 1. 


(AMACR) and peanut agglutinin, while NSE and a-1- 
antitrypsin are occasionally positive.7°7! 


Genetics 

Papillary adenomas may be either diploid or aneuploid”and 
frequently show trisomy 7 and 17.” The common genetic 
abnormalities and frequent presence in end-stage kidneys 
have led to the hypothesis that these are the precursor lesions 
for papillary carcinoma.” In parallel with the immunohisto- 
chemical phenotype of these tumors, ultrastructural studies 
show adenomas to have features of either proximal or distal 
convoluted tubules.” 


Differential Diagnosis 


Papillary adenoma should be differentiated from papillary 
RCC. The presence of significant nuclear pleomorphism, 
infiltration of adjacent renal tissue, and tumor size >5 mm 
excludes a diagnosis of papillary adenoma. 
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Figure 2-4 E Papillary adenoma type 2 showing pseudostrati- 
fication of nuclei and voluminous eosinophilic cytoplasm. 
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Prognosis and Treatment 


Papillary adenomas are benign tumors, although in kidneys 
with papillary adenomatosis there may be coexisting papil- 
lary RCC. Papillary adenoma detected incidentally on imag- 
ing studies should show no significant growth when followed 
serially. These tumors are of some importance if detected in 
kidneys intended for transplantation. Current protocols indi- 
cate that the presence of renal adenoma in a donor kidney is 
not a contraindication for renal transplantation. 


Renal Oncocytoma 
Introduction 


Renal oncocytoma was firmly established as a distinct cat- 
egory of renal neoplasia by Klein and Valensi in 1976, 
although the potential for malignant behavior by these 
tumors continued to be debated.?’ The detailed study of large 
series of oncocytoma has subsequently confirmed the benign 
nature of these tumors. 


Epidemiology 


In large series, patient ages range from 24 to 91 years (mean 
65 to 73 years), although multiple and bilateral oncocytic 
neoplasms have been reported in a 10-year-old male.?* 

In a population-based study, the age standardized inci- 
dence of oncocytoma was 0.3 per 100,000, with a male-to- 
female ratio of 1.7:1.°° In this series, oncocytomas constituted 
5.5% of renal epithelial neoplasms (excluding renal adeno- 
mas), and in a separate study, the proportion of oncocytomas 
within a cohort of 1,043 renal tumors increased with increas- 
ing decade of life.’ 


Clinical Features 


Approximately 80% of oncocytomas are asymptomatic and 
are diagnosed as an incidental finding in patients undergo- 
ing investigation for unrelated disease or at autopsy. For 
symptomatic tumors, hematuria (32%), abdominal flank 
pain (29%), and weight loss (10%) are the most common 
presenting features.*° Occasionally, oncocytoma presents as 
an abdominal mass, and rarely the tumor has been associated 
with hypertension or erythrocytosis. 

Radiologic features of oncocytoma are the presence of a 
central stellate scar, a “spoke-wheel” pattern of peripheral 
arteries with the absence of intraneoplastic vascular disar- 
ray, an homogeneous capillary phase on renography, and 
the presence of a so-called lucent rim. While these features 
are frequently seen in oncocytoma, they may also be seen in 
other types of renal neoplasia. 


Pathology 


Gross Features 

Oncocytomas are highly variable in size ranging up to 
26 cm in maximum extent, with mean diameters of 4.4 to 
5.5 cm being reported.”?*!*> Tumors discovered incidentally 
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Figure 2-5 W Renal oncocytoma. This formalin-fixed speci- 
men shows the characteristic brown color and the central zone of 
edematous stroma that is common in oncocytomas. 


or at autopsy are often smaller, with a mean diameter of 
3.8 cm.” On sectioning, oncocytomas are usually well cir- 
cumscribed with a pushing rather than an infiltrative margin 
(Fig. 2-5). In most cases, a tumor capsule is not visible. 
Infrequently, the tumor extends into perirenal fat, and mac- 
roscopic extension of tumor into vessels is seen rarely.”?*3*° 
In such cases, the diagnosis of oncocytoma should be made 
with caution. The cut surface of the tumor has a charac- 
teristic mahogany brown color with a homogenous consis- 
tency. In larger tumors, there is frequently a central zone 
of whitish, often myxoid stroma, which is usually irregular 
and stellate, being described as a central stellate scar. Bands 
of connective tissue may extend from this central scar to the 
periphery of the tumor, resulting in superficial bosselation. 
Foci of confluent hemorrhage are frequently present usually 
at the periphery of the tumor. Extensive necrosis is not a 
feature of oncocytoma, although areas of cystic degenera- 
tion may be present. 


Microscopic Features 

Oncocytomas may show a variable morphology. The pre- 
dominant pattern is growth as tightly packed nests produc- 
ing a sheet-like arrangement of the cells with inconspicuous 
blood vessels (Fig. 2-6). A common and more characteristic 
pattern is islands composed of oncocytoma cells within loose 
edematous connective tissue (Fig. 2-7). Less frequently, 
cysts ranging from microscopic up to a few millimeters in 
diameter are present. Rarely, groups of tumor cells contain 
hyaline deposits of type IV collagen resulting in a cylin- 
dromatous appearance (Fig. 2-8).>” 

Oncocytoma cells have moderate to abundant intensely 
finely granular eosinophilic cytoplasm. The nuclei are usu- 
ally ovoid to round with stippled chromatin, and binucleate 
cells are often present. Nucleoli are frequent but are small to 
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Figure 2-6 E Renal oncocytoma. This is the compact growth 
pattern in which sheets of oncocytoma cells are divided into nests 
by delicate blood vessels. The nuclei are nearly spherical, and many 
contain visible nucleoli. 


inconspicuous. Cells showing moderate to marked nuclear 
pleomorphism are frequently seen in oncocytoma and are 
degenerative in nature, not being associated with promi- 
nent nucleoli or mitotic activity (Fig. 2-9). Focally, aggre- 
gates of tumor cells may have scanty cytoplasm (so-called 
oncoblasts) giving rise to apparent increased cellularity that 
blends with more typical oncocytes. Extracellular hyaliniza- 
tion, predominantly involving the walls of small vessels, is 
frequently seen in oncocytoma. Very occasionally, foci of 
dystrophic calcification or ossification may be present within 
the stroma. In 5% of cases, extension of tumor into small 
vessels may be seen, while 10% of tumors have microscopic 
extension into perirenal fat (Fig. 2-10). In neither instance 
does this appear to have any prognostic significance. 
Detailed comparison of oncocytomas with and without vas- 
cular infiltration show identical morphologic, genetic, and 
immunohistochemical features.*° 


as islands in a background of edematous stroma. 


Figure 2-8 W Renal oncocytoma. The tumor is growing in 
nests with type IV collagen deposition producing a cylindromatous 
pattern. 


Ancillary and Special Studies 

The immunohistochemical phenotype of oncocytoma var- 
ies somewhat between studies. CD15, CD117, E-cadherin, 
claudin 7, claudin 8, S-100A1 protein, pancytokeratin, low 
molecular weight cytokeratin, Ron protooncogene, BCL2, 
antimitochondrial antibody, and EMA immunostaining are 
usually positive.*** Tumors show only occasional positivity 
for CD10, RCC antigen, caveolin-1, parvalbumin, and 
AMACR.**3*" Cytokeratin 7 expression has been reported 
in up to 100% of cases in some series with expression hav- 
ing a characteristic pattern of strongly positive single cells or 
small groups of cells in areas of compact growth and in many 
of the cells within areas of edematous stroma (Fig. 2-11A 
and B).* Cytokeratin 8, 18, and 20 also show focal posi- 
tive expression, which is usually dot-like or perinuclear.**” 
In areas of compact growth the oncocytic cells give nega- 
tive reactions for vimentin, but within areas of edematous 
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which the nuclei vary widely in size and shape. 
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stroma many of the cells give positive reactions (Fig. 2-11C 
and D). The tumor cells are generally negative with the Hale 
colloidal iron stain. Some authors will accept staining with 
Hale colloidal iron in oncocytoma when it is limited to the 
luminal aspect of cells in areas with tubule formation.™ It is 
not uncommon to find hemosiderin pigment in oncocytoma 
that will react positively with the Hale colloidal iron. 
Electron microscopy shows the cells of oncocytoma to 
have abundant mitochondria while other organelles are 
scanty (Fig. 2-12). Surface microvilli are sparse, and com- 
pletely formed brush borders are not usually present. Lipid 
vacuoles and glycogen are rarely seen. The microvesicles of 
chromophobe RCC are not seen in oncocytomas. 


Genetics 
A variety of genetic abnormalities are associated with renal 
oncocytoma and three characteristic mutational patterns are 
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cells in an area of compact growth similar to that seen in Figure 2-6. B: Immunohistochemistry for cytokeratin 7 stains most of the onco- 
cytoma cells in an area where the growth is narrow islands in edematous stroma. In the rest of the photograph, the reaction is the same as 
is shown in (A). C: Immunohistochemistry for vimentin decorates only blood vessels in an area of compact growth similar to that seen in 
Figure 2-6. D: Immunohistochemistry for vimentin stains most of the oncocytoma cells in an area where the growth is narrow islands in 
edematous stroma. In the rest of the photograph, the reaction is the same as is shown in (A). 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


78 Urological Pathology 


ee DOK ERLE Ses Ae 


2-12 Renal oncocytoma. Electron microscopy 
shows the cytoplasm of the oncocytoma cells to be filled with 
mitochondria. 


recognized. The most common abnormality is loss of the 
whole of chromosome | or part of its short or long arm, and 
loss of chromosome Y.°'** Rearrangements of 11q13, espe- 
cially the translocation t(5;11) (q35;q13), and chromosome 
14 deletions are also seen.” Oncocytomas often show mosa- 
icism, and in some tumors there is evidence of microsatellite 
instability.*° Fluorescence in situ hybridization (FISH) analy- 
sis has been shown to differentiate oncocytoma from chromo- 
phobe RCCs, with the loss of two or more of chromosomes 1, 
2, 6, 10, and 17 favoring a diagnosis of chromophobe RCC.” 


Oncocytosis 


Oncocytomas are usually solitary; however, multifocal or 
bilateral tumors are seen in 5% of cases. In rare instances, 
numerous tumors of varying size may be present in both kid- 
neys, and the terms oncocytosis and oncocytomatosis have 
been applied (Fig. 2-13).°**° In cases of renal oncocytosis, 
not only are tumors resembling oncocytomas present but 
coexisting tumors resembling chromophobe RCC and unique 
tumors that look like mixtures of oncocytoma and chromo- 
phobe RCC are often present (Figs. 2-14, 2-15A and B). 
A hallmark of oncocytosis is the presence of numerous 
minute patches of oncocytic cells throughout the renal cor- 
tex (Fig. 2-16). The classification of these tumors remains 
uncertain; in the current ISUP classification, these are placed 
as a variant of chromophobe RCC.’ Genetic studies have 
demonstrated the absence of the characteristic findings of 
both chromophobe RCC and of renal oncocytoma, and some 
authors have suggested the designation renal cell neoplasm 
of oncocytosis to reflect their unique characteristics. This 
is the term we are currently using for these tumors. Little is 
known of the behavior of these tumors though to date metas- 
tases have not been described.** 


FiGurRE 2-13 Oncocytosis. This gross photograph shows 
multiple yellow to brown tumors of varying size. 


Differential Diagnosis 


Oncocytomas must be differentiated from other renal tumors 
that can have eosinophilic cytoplasm (Box 2-1). This includes 
variants of clear cell RCC with granular eosinophilic cyto- 
plasm. The presence of clear cells (other than in edematous or 
fibrotic areas) or a papillary architecture excludes a diagno- 
sis of oncocytoma. Other features indicative of malignancy 
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Figure 2-14 Oncocytosis. Sections from this macroscopi- 
cally visible tumor closely resemble renal oncocytoma or the eosin- 
ophilic variant of chromophobe renal cell carcinoma. 
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Figure 2-15 E A: Oncocytosis. This tumor shows areas resembling chromophobe renal cell carcinoma and areas resembling oncocy- 


toma. Some have called these “hybrid” tumors. B: Immunohistochemistry for cytokeratin 7 shows areas with positive reactions similar to 
oncocytoma and others with positive reactions similar to chromophobe renal cell carcinoma. 


that are not seen in oncocytoma are extensive perirenal fat 
or vascular invasion by tumor, confluent tumor necrosis, and 
any more than very occasional or atypical mitotic figures. 
The principal differential diagnosis is the eosinophilic 
variant of chromophobe RCC (see Table 2-2). Oncocytomas 
rarely consist of diffuse sheets of cells, and neither perinuclear 
halos nor typical chromophobe cells are seen. The presence 
of wrinkled nuclei or basophilic intracytoplasmic inclusions 
is also suggestive of chromophobe RCC. Hale colloidal iron 
staining can be useful: oncocytomas give diffusely negative 
reactions. Immunohistochemical expression does assist in 
differentiating between those two tumor types. While there 
is some overlap in cytokeratin 7, cytokeratin 20, and CD15 
expression, it has been proposed that in combination this panel 
has diagnostic utility. In particular, it has been shown that the 
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Figure 2-16 ® Oncocytosis. In kidneys from patients with 
oncocytosis, there are numerous microscopic lesions composed 
of cells with eosinophilic cytoplasm identical to those of the renal 
tumors of oncocytosis. 


oncocytoma-specific immunoprofile of scattered strongly 
cytokeratin 7—positive cells or occasionally completely nega- 
tive staining for cytokeratin 7 correctly classified 90% of cases 
of oncocytoma and all cases of chromophobe RCC.* Usually 
chromophobe RCC shows diffuse positivity for cytokeratin 7, 
with membrane-like expression at the cell margin. 

Tumors described under the term oncocytic papillary 
RCC should present little diagnostic difficulty as anything 
more than minute and focal papillary projections within neo- 
plastic tubules excludes a diagnosis of oncocytoma. In some 
areas, so-called oncocytic papillary RCC may have a solid 
oncocytoma-like growth pattern; however, unlike oncocy- 
toma, these areas are usually positive for AMACR, EMA, 
vimentin, and CD10.°! 


Prognosis and Treatment 


It is now accepted that oncocytomas are benign tumors. 
When correctly characterized, no case of oncocytoma has 
been shown to develop metastases. 


Box 2-1 TUMORSTHAT CAN HAVE 


PINK CYTOPLASM 


Oncocytoma 

Chromophobe renal cell carcinoma 

Clear cell renal cell carcinoma 

Papillary adenoma 

Papillary renal cell carcinoma 

Collecting duct carcinoma 

Medullary carcinoma 

Translocation-associated renal cell carcinoma 
Acquired cystic disease—associated renal cell carcinoma 
Renal cell carcinoma of hereditary leiomyomatosis and 
renal cell carcinoma syndrome 

e Epithelioid angiomyolipoma 

e Unclassified renal cell carcinoma 
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Table 2-2 


Feature Oncocytoma 


PATHOLOGIC FEATURES OF ONCOCYTOMA VERSUS CHROMOPHOBE CARCINOMA 


Chromophobe Carcinoma — Eosinophilic type 


Gross appearance “Mahogany” brown 
+/- central scar 
Architecture 
hypocellular stroma 
No trabeculae/sheets 
Tubule formation frequent 
Uniform, round 
Degenerative pleomorphism 
None to very rare 
Granular, acidophilic 
Clearing can be seen 


Nuclear features 


Mitoses 
Cytoplasm 


Hales colloidal iron 


Closely packed nests (periphery) and nests in loose 


Negative except at luminal surface in tubular areas 


Pale tan-brown 

+/- zones of necrosis 

Closely packed nests and occasional streaming 
of cells in edematous myxoid stroma 

+/— broad trabeculae/sheets 

+/- tubule formation 

Uniform, round +/- raisinoid 

Pleomorphism only in high grade 

Occasional 

Granular, acidophilic with perinuclear halos 

Plant-like cells focally in some 

Strongly positive, diffuse 


Cytokeratin Positive Positive 
CK7—isolated strongly positive cells (except in CK7—diffuse, strongly positive in most 
atrophic areas) 
RCC antigen Negative 50% positive (in some reports) 
Vimentin Negative (except atrophic areas) Negative 
Ultrastructure Numerous mitochondria with lamellar cristae Numerous mitochondria with tubulovesicular 
No microvesicles cristae 


EPITHELIAL TUMORS—MALIGNANT 


Clear Cell Renal Cell Carcinoma 
Introduction 


Clear cell RCC is the most common form of renal malig- 
nancy, comprising 70% of tumors in reported series. Although 
the morphology of these tumors was clearly described in 
early series, their relationship to the other subtypes of RCC 
remained uncertain. In 1855, Robin correctly speculated that 
these tumors were of renal tubular origin; however, this obser- 
vation was overshadowed by the theory of Grawitz that clear 
cell (alveolar) RCC was of intrarenal adrenal rest origin.* Such 
was the influence of Grawitz that the term hypernephroma 
was adopted for these tumors, and this gained widespread cur- 
rency. Despite ongoing debate as to the tissue of origin for 
clear cell RCC, it was not until 1959, when ultrastructural 
studies confirmed that tumor cells resembled proximal convo- 
luted tubules epithelium,” that the question was finally settled. 

Prior to the formulation of the Mainz classification in 
1986, RCCs were classified according to morphologic fea- 
tures and as recently as 1998, the World Health Organization 
classification of renal tumors included clear cell RCC and 
granular cell RCC as separate categories of renal paren- 
chymal malignancy. It is now clear that granular cell car- 
cinoma, rather than being a separate diagnostic entity, 
consists of a variety of tumor types including clear cell 
RCC, chromophobe RCC, and collecting duct carcinoma. 
It is acknowledged that clear cell RCCs may have a granu- 
lar and eosinophilic cytoplasm, and for this reason the term 
conventional RCC was proposed for these tumors at both 
the Heidelberg and Rochester Consensus Conferences.*“ 


Interspersed microvesicles 


Despite this morphologic variability, clear cell RCC typi- 
cally exhibit a characteristic vascular pattern and on genetic 
studies, almost always show mutation in chromosome 3p.% 


Epidemiology 


Although much of the epidemiologic data for RCC relate 
to mixed series of tumors, the majority of these tumors are 
the clear cell subtype. RCC accounts for 2% of all new can- 
cer diagnoses worldwide and 3% in the United States of 
America. There is a marked variation in the incidence of 
RCC internationally, and this is probably a reflection of can- 
cer reporting rates and the availability of diagnostic modali- 
ties. It may also be influenced by differences in both risk 
factors and population genetics. The annual incidence of 
RCC in the United States has been increasing with tumors 
of the kidney and ureter accounting for an estimated 64,770 
new cases and 13,570 cancer deaths in 2012.°’ This is not 
simply a reflection of population change but is the result 
of the increased use of axial imaging, as the age-adjusted 
incidence per 100,000 population has increased from 6.2 in 
1972 to 9.6 in 1998.% 

The increased utilization of imaging has resulted in the 
detection of small tumors as incidental findings, with the 
incidence of small asymptomatic tumors increasing from 
15% to 60% in some series.” There is also a reported 
increase in the numbers of advanced-stage, symptomatic 
tumors, thus reflecting a true increase in tumor incidence, 
rather than simply a stage shift,®*’"7' due to the increased 
detection of small malignancies. 

Incidence rates also vary among ethnic groups and 
according to gender. In the United States of America, the 
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highest incidence is seen in black males (11.5 per 100,000 
population). This is slightly higher than that for white non- 
Hispanic (10.0/100,000 population) and white Hispanics 
(9.7 per 100,000 population), while that for those of Asian 
or Pacific Island descent is lower at 4.7 per 100,000 popula- 
tion. In these groups, the male-to-female ratio is relatively 
stable at 1.9 to 2.1 to 1.” 

Metastatic disease is seen in approximately 25% to 30% 
of patients who present with RCC, and while incidence data 
have been derived by mathematical manipulation of tumor 
incidence figures, clinical data regarding the true prevalence 
of metastatic disease are not available.” 

Localized (asymptomatic) tumors are associated with 
increased survival rates when compared to those who present 
with symptomatic disease. Of 4,000 cases of renal carcinoma 
treated surgically between 1983 and 1999, the disease-free 
survival for incidentally detected tumor was 73%, while that 
for symptomatic patients was 59%.” Over a 30-year period, 
disease-free survivals for all stages have increased with a 
reported doubling of survival rates between 1963—1973 and 
1982-1992.”> While this improvement in survival is largely 
due to the detection of tumors at a lower stage, survival rates 
have increased for all stages of renal carcinoma, suggest- 
ing an improvement in the management of tumors showing 
regional and metastatic spread.’ 

In large studies where cases were divided according to 
histologic subtype, the proportion of clear cell RCCs in each 
series ranged from 63% to 92% of tumors.”” ® Patients ranged 
in age from 2 to 96 years with mean ages ranging from 56 to 
64 years. There was a male predominance in all series, with 
the male-to-female ratio ranging from 1.1:1 to 2.8:1. 


Pathogenesis 


The major subtypes of RCC are associated with one or more 
specific genetic mutations, and a family history is associated 
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with an increased risk for tumor development. In two studies, 
tumor in a first-degree relative was associated with a 1.6- and 
2.5-fold risk of developing cancer,***° while the risk to sib- 
lings was found to be 4% in an additional series.*° Despite 
this, familial RCC syndromes account for only 4% of RCCs, 
and the majority of tumors occur sporadically (Table 2-3).8”** 

A variety of risk factors for the development of RCC have 
been identified, and of these, the association with smoking 
and obesity are the most reproducible. The risk for develop- 
ing renal carcinoma is increased 1.54 fold in males and 1.22 
in females for those who smoke cigarettes. There is a signifi- 
cant dose-dependent effect for males, with a risk of 1.6x for 
those who smoke <10 cigarettes per day compared to 2.03 
for those who smoke >20 cigarettes per day. The risk was 
found to decrease by 15% to 30%, 10 to 15 years after ces- 
sation of smoking.* 

Obesity is a risk factor for RCC for both males and females, 
with the risk increasing by 24% for males and 34% for females 
for each 5 kg/m’ increase in body mass index.” The role of 
nutrition in the development of RCC is less certain although 
consumption of meat, milk, margarine, oils, and butter is asso- 
ciated with greater risk, while consumption of vegetables and 
fruits has a protective effect.” There is also an association with 
physical activity, with lower risk among those who undertake 
recreational or occupational-related exercise.?!”” 

Diabetes mellitus, long-term dialysis, and hypertension 
have been shown to be associated with an increased risk 
for RCC*4; however, this may be a function of associ- 
ated obesity or the development of renal scarring. Although 
experimental animal studies have linked diuretics to the 
development of renal carcinoma, it is likely that hyperten- 
sion itself, rather than its treatment, is a risk factor, with a 
relative risk of up to 2.0 being reported.® 

RCC is probably not associated with aspirin or acetamin- 
ophen usage or alcohol consumption, although alcohol has 
been shown to have a preventative effect in some studies.” 


Table 2-3 


Syndrome Genetics 


HEREDITARY RENAL CELL CARCINOMA SYNDROMES 


Kidney Pathology 


Von Hippel Lindau 


Tuberous sclerosis TSC1 (9q34) 


TSC2 (16p13) 


Birt-Hogg-Dubé 


Hereditary leiomyomatosis and RCC FH (1942-43) 
Hereditary papillary RCC MET (7q31) 
Chromosome 3 translocation Unknown 
Hereditary paraganglioma SDHB (1p36) 
SDHC (1q21) 
SDHD (11q23) 


RCC, renal cell carcinoma. 


VHL gene (3p25-26) 


FLCN (1711.2) 


Cysts 

Clear cell RCC 

Cysts 

Angiomyolipoma 

Clear cell RCC 

Papillary RCC 

Chromophobe RCC 

BHD-associated RCC (so-called hybrid tumor) 
Clear cell RCC 

Papillary RCC 

HLRCC-associated papillary RCC 
Papillary RCC (type 1), Papillary adenoma 
Clear cell RCC 

SDHB-associated RCC 

Clear cell RCC 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


82 Urological Pathology 


The role of occupation as a causative factor for RCC is 
debated. While most studies fail to demonstrate that occu- 
pation is a risk factor for RCC, in some reports, asbestos 
and trichloroethylene exposure has been implicated in tumor 
development.’”** In other studies, occupations associated 
with exposure to industrial toxins, such as oil refinery work- 
ers, firefighters, painters, printers, and metal workers, have 
been shown to have an increased risk for renal carcinoma; 
however, results appear inconsistent.” 


Clinical Features 


Increasing numbers of RCCs are found in asymptomatic 
patients, being detected as incidental findings during investi- 
gations for unrelated disease.” In large series of RCCs, with 
cases divided according to tumor subtype, 25% to 85% of 
patients with clear cell RCCs were asymptomatic at the time 
of diagnosis. 77881-82 

Symptoms from RCC result from local tumor effects or 
from metastatic disease. The classic renal cancer triad of 
abdominal mass, flank pain, and hematuria, indicative of 
extrarenal extension of tumor and involvement of the renal 
outflow tract, is uncommon. In contemporary series, this is 
reported in <10% to 20% of mixed (predominantly clear 
cell) subtypes of RCC. 10°10! 

Nonspecific systemic signs and symptoms, usually indic- 
ative of metastatic disease, are seen in 30% of patients. In 
descending order of frequency fatigue, weight loss, fever, 
nausea, and vomiting are most commonly encountered. '® 
Rarer presenting features include night sweats, acute vari- 
cocele resulting from obstruction of the ipsilateral spermatic 
vein, and pathologic fracture. 

RCC is unusual in that 10% to 40% of patients may 
develop a paraneoplastic syndrome (Table 2-4). These result 
from elaboration of tumor-related proteins or as a result 
of an immune response to tumor and in the case of RCC 
involve virtually all organ systems.'°* Hypertension is twice 


Table 2-4 m PARANEOPLASTIC SYNDROMES 


ASSOCIATED WITH RENAL CELL CARCINOMA 


Hypertension 

Polycythemia 

Hepatic dysfunction (Stauffer syndrome) 
Hypercalcemia 

Galactorrhea 

Cushing syndrome 

Hyperglycemia/hypoglycemia 

Amyloidosis 

Anemia 

Neuropathy 

Myopathy 

Vasculitis 

Coagulopathy 

Nephropathy (light chain nephropathy/membranous 
glomerulonephritis) 

e Proteinopathy (prostaglandin, fibroblast growth factor, 
a-fetoprotein) 


as common in patients with RCC and is probably multifacto- 
rial in origin. Postulated mechanisms include renin hyper- 
secretion, renal outflow tract obstruction, and tumor-related 
polycythemia.'” Polycythemia results from the production 
of erythropoietin by tumor cells, which has been demon- 
strated in up to two-thirds of cases. Hepatic abnormalities, 
consisting of elevated alkaline phosphatase, transaminases, 
bilirubin, and gamma globulin are seen in approximately 
two-thirds of patients with RCC. Known as Stauffer syn- 
drome, this is associated with the histologic features of 
hepatitis and usually resolves following tumor resection. 
The mechanism leading to these abnormalities of hepatic 
function is unknown, and this may be a cytokine effect or 
the result of the release of tumor-related hepatotoxins.! 
Hypercalcemia is the most common form of paraneoplas- 
tic syndrome associated with RCC and is usually indica- 
tive of advanced disease with 50% of patients having bony 
metastases.'” In the absence of metastases, it is thought that 
tumor-related hypercalcemia results from elaboration of 
parathormone-related peptide. A wide variety of endocrine 
abnormalities are seen in association with RCC, and many 
of these are the result of release of hormones and hormone- 
like proteins by tumor cells. Similarly elevated glucagon or 
insulin may be present, and it is thought that this leads to the 
tumor-related abnormalities of glucose metabolism that are 
associated with this tumor type.’ Anemia is frequently seen 
in patients with RCC. 

Inflammation, occurring as a response to localized or 
metastatic tumor, results in increased circulating cytokines 
and other inflammatory mediators. The association between 
chronic inflammation and the development of amyloidosis is 
well recognized, and it is likely that this also has an impor- 
tant role in the pathogenesis of paraneoplastic neuropathy, 
myopathy, vasculitis, and nephropathy,’ all of which are 
recognized in patients with RCC. 


Pathology 


Gross Features 
Clear cell RCCs are typically solid globular masses that, when 
large, often deform the surface of the kidney (Fig. 2-17). 
Clear cell RCC is very prone to forming cysts and may be 
extensively cystic (Fig. 2-18). On sectioning, these tumors 
are frequently variegated with most tumors containing bright 
yellow areas reflecting the high lipid content of tumor cells. 
Foci of necrosis and recent and old hemorrhage are common, 
and these appear as red to tan-brown areas, while edematous 
stroma is white to gray. Cystic degeneration may be seen 
associated with areas of necrosis. Dystrophic calcification 
is seen in up to 15% of cases, and occasionally, there may 
be foci of intratumoral ossification. Firm white areas within 
tumors may indicate the presence of sarcomatoid carcinoma 
(Fig. 2-19). 

When small, tumors are usually well circumscribed, con- 
fined to the renal cortex, and show an expansive, rather than 
an infiltrative growth pattern. There is often an investing 
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FiGurReE 2-17 Clear cell renal cell carcinoma. This gross 
photograph shows the typical variegated appearance with yellow- 
to-orange parenchyma with central areas of pale stroma, and foci of 
hemorrhage and necrosis. A few small cysts also are present. 


pseudocapsule, which may be attenuated in some areas. Larger 
tumors are more frequently infiltrative and investing pseudo- 
capsules, overgrown by tumor, may be represented by persis- 
tent fibrous bands within aggregates of malignant tissue. 
Larger tumors often show a pronounced nodularity. 
Intrarenal metastatic spread may also occur, although in spo- 
radic clear cell RCC true multifocality is uncommon. Larger 
peripheral tumors usually show expansion of the renal capsule, 
and this may adhere to adjacent perirenal fibroadipose tissue 
in the absence of direct infiltration. Tumor may also extend 
into the renal hilum and renal pelvis. Clear cell RCC often 
invades the renal venous system, occasionally filling the renal 
vein and extending into the vena cava or even the right atrium. 


Microscopic Features 

Clear cell RCC predominantly exhibits an alveolar architec- 
ture (Fig. 2-20), although microcystic, tubular, and pseudo- 
papillary areas may also be seen (Fig. 2-21). These tumors 
consist of nests of cells, often with inconspicuous lumens 
containing eosinophilic proteinaceous fluid and freshly 
extravasated erythrocytes. Where the lumens are larger, the 
alveoli take on the appearance of compressed tubules. Often 
there is also cyst formation, usually with intraluminal exu- 
date. Occasionally, cysts are traversed by trabeculae of fibro- 
vascular tissue lined by tumor cells. 
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Figure 2-18 Clear cell renal cell carcinoma. This gross 
photograph shows an extensively cystic tumor in the lower pole. 


Figure 2-19 Clear cell renal cell carcinoma. While the pale 
gray tissue at the superior end of the tumor is necrosis, the paler 
nearly white tissue is an area of sarcomatoid change. 
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micrograph shows the characteristic architecture of alveolar nests 
of carcinoma cells surrounded by extremely delicate blood vessels. 


A feature of clear cell RCC is the presence of a network 
of fine vessels that surround tumor nests. These are thin 
walled and of a uniformly small caliber. This vascular pat- 
tern is not seen in other subtypes of RCC and is of consider- 
able diagnostic utility. 

Occasionally an apparent papillary architecture may be 
present focally. On careful inspection there is cellular degen- 
eration with formation of pseudopapillary structures. Very 
rarely true papillae are found; however, many if not all of 
these tumors would now be classified as clear cell papillary 
RCC or translocation carcinoma. 

The cells of clear cell RCC have moderate to abundant, 
pale to clear cytoplasm. The clarity of the cytoplasm is the 
result of tissue processing, which causes the dissolution 
of cytoplasmic lipids and cholesterol. In unfixed tissues, 
lipid stains reveal intracytoplasmic lipid, while in fixed tis- 
sues periodic acid—Schiff staining shows the presence of 


Figure 2-21 W Clear cell renal cell carcinoma with blood- 
filled microscopic cysts. 


%Y Di a a . ae A à 
Figure 2-22 W Clear cell renal cell carcinoma with zones 
composed of large cells and of smaller cells. 


intracytoplasmic glycogen. Although the cytoplasmic vol- 
ume of clear cell RCC is variable, it is typical that the cells 
in one area of a tumor are similar in size (Fig. 2-22). Cell 
borders are usually clearly visible, although they lack the 
prominence associated with chromophobe RCC. 

In some clear cell RCCs, the cytoplasm is granular and 
eosinophilic. This is a feature more commonly seen in carci- 
nomas exhibiting higher degrees of nuclear pleomorphism. 
Occasionally, the cytoplasm may contain numerous eosino- 
philic inclusions, and rarely granular melanin-like inclusions 
may also be seen. In some tumors there are hyaline eosino- 
philic globules that may occupy much of the cytoplasm of 
individual cells. When present, the globules may also be 
seen in the tumor interstitium, and these show positive stain- 
ing with periodic acid—Schiff. Mucin is very rarely found in 
tumors with clear cytoplasm. This is not a feature of clear 
cell RCC, and mucin-containing clear cell tumors are more 
appropriately categorized as RCC, unclassified. 

The nuclei of clear cell RCC show varying degrees of pleo- 
morphism. Well-differentiated tumors have ovoid to round 
nuclei with inconspicuous basophilic nucleoli. More pleo- 
morphic nuclei are larger and angulated, with granular chro- 
matin and a prominent eosinophilic nucleolus. Tumor giant 
cells are frequently present in poorly differentiated tumors. 

The presence of cells with a rhabdoid (Fig. 2-23) or sar- 
comatoid morphology is indicative of high-grade disease 
and results from the metaplasia of malignant epithelial cells. 
Rhabdoid differentiation is seen in 4% of clear cell RCC 
and is characterized by the presence of cells with abundant 
granular and eosinophilic cytoplasm, and a large eccentric 
irregular nucleus with a prominent eosinophilic nucleo- 
lus.!°5!°° Rhabdoid differentiation is usually focal and even if 
extensive, areas of typical clear cell RCC are usually found, 
although this may require extensive sampling of the tumor. 

Sarcomatoid differentiation is seen in approximately 5% 
of clear cell RCCs.'°’ These tumors have a sarcoma-like 
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FiGure 2-23 E Clear cell renal cell carcinoma with rhabdoid 
morphology. 


spindle cell morphology, which may overgrow and replace 
the epithelial component of the tumor. In approximately 
25% of these cases, areas of tumor showing rhabdoid and 
sarcomatoid differentiation may coexist. Clear cell RCC 
usually contains scattered lymphocytes and plasma cells, 
and in rare cases, there may be a pronounced lymphoid infil- 
trate. Granulomatous inflammation can rarely be present. 


Ancillary and Special Studies 

Numerous antibody markers have been investigated for clear 
cell RCC. These tumors typically coexpress vimentin and 
cytokeratin AE1/AE3. Low molecular weight cytokeratins 
(CK8, CK18, and CK9), EMA, CD10, and RCC antibody 
are also frequently positive.*?!°*! There is strong expres- 
sion of carbonic anhydrase IX, usually with a membrane pat- 
tern.''*''> Well over 90% of tumors are strongly positive for 
PAX8 and to a lesser extent PAX2.!!°!!7 MUC-1 expression 
is seen in 84% of tumors and varies according to the degree 
of nuclear pleomorphism. High-grade tumors show diffuse 
membranous staining, while in low-grade tumors, membra- 
nous staining is predominantly apical." 

E-cadherin, CD117 (c-kit), S-100 protein, placental alka- 
line phosphatase, and AMACR are occasionally expressed 
in clear cell RCC, while staining for high molecular weight 
cytokeratin (CK14 and 34BE12), cytokeratin 7, cytokeratin 
20, and parvalbumin is usually negative.6!!18-121 

Electron microscopy shows the cells of clear cell RCC 
to have abundant cytoplasmic glycogen and lipid. Two types 
of hyaline globules may be present within the cytoplasm. 
These both consist of concentric membranes, one with cen- 
tral lipid and the other with peripheral peroxisomes and 
endoplasmic reticulum. There is a prominent basal lamina, 
and desmosomes and junctional complexes are frequently 
seen. Numerous microvilli 1,000 to 2,120 nm in length are 
present on the luminal surface of the cell. Clear cell RCC 
cells with granular cytoplasm contain increased numbers of 
mitochondria. "3 
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Genetics 

Clear cell RCC typically shows loss of chromosome 3p, 
which has been demonstrated in 75% to 100% of cases.'24"!7° 
The von Hippel-Lindau tumor suppressor gene (VHL) is sited 
at 3p25 and in clear cell RCC inactivation occurs by dele- 
tion, mutation, or hypermethylation. VHL regulates hypoxia- 
inducible factor-o, which promotes vascular and somatic 
growth factors.'?’ The gene also regulates the mammalian 
target of rapamycin (mTOR) pathway leading to tumor cell 
growth and survival. Chromosome 3p harbors two addi- 
tional tumor suppressor genes, FHIT at 3p14.2 and RASSF'1A 
at 3p21, and possibly a further tumor suppressor gene at 
3p12.'"*'7 Additional mutations may be present in clear cell 
RCC, with loss of heterozygosity at 6q, 8p, 9q, and 14q being 
most frequently seen. In addition to these, mutations at 
5q, 9q, 10g, 13p, and 17p have also been reported.'°°!3! 


Differential Diagnosis 


The diagnosis of clear cell RCC is usually not a difficult one 
to make; however, there is potential for these tumors to be 
confused with other primary renal tumors that have clear 
cytoplasm (Box 2-2). 

Clear cell RCC must be differentiated from translocation 
carcinoma. Both tumor subtypes usually contain clear cells, 
although the presence of cells with voluminous cytoplasm, 
eosinophilic hyaline (basement membrane) nodules, and 
psammoma bodies favors a diagnosis of translocation carci- 
noma. A well-defined papillary component is often present 
in translocation carcinoma and its presence excludes clear 
cell RCC. Routine immunohistochemistry can be helpful 
with carbonic anhydrase IX almost always strongly positive 
in clear cell RCC and negative or weak in translocation car- 
cinoma. Positive reactivity for cathepsin K supports trans- 
location carcinoma but negative reactivity is not helpful. 
Melanocytic markers HMB-45 and melan-A are positive in 
some translocation carcinomas, especially those with t(6;11), 
and are negative in clear cell RCC. Positive immunoreactiv- 
ity for the TFE3 protein is usually diagnostic (Table 2-5). 

Multilocular cystic clear cell RCC is differentiated by 
its architecture and the presence of well-differentiated clear 
cells with small round nuclei within septal walls. These 
tumors may contain foci resembling clear cell RCC; how- 
ever, if these are visible macroscopically, a diagnosis of 
clear cell RCC is more appropriate. Clear cell papillary 
RCC is usually low grade and unlike clear cell RCC has a 


Box 2-2 @ KIDNEY TUMORS THAT CAN 
HAVE CLEAR CYTOPLASM 


Clear cell renal cell carcinoma 

Clear cell papillary renal cell carcinoma 
Translocation-associated renal cell carcinoma 
Chromophobe renal carcinoma 

Papillary renal cell carcinoma 
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Table 2-5 m IMMUNOHISTOCHEMISTRY OF CLEAR CELLTUMORS 


Clear Cell Translocation Epithelioid Adrenal Cortical 
Marker Clear Cell Papillary Associated Chromophobe Angiomyolipoma Tumors 
CA IX Strong, diffuse, Positive, Weak and focal Negative Negative Positive (3%-50%) 
membranous cup-like or negative (<10% weak) 
CK7 Negative Positive Negative Strong, diffuse, Negative Negative 
membrane-like 
CD117 Negative Negative Negative Positive, Negative Negative 
membranous 
CD10 Strong, Negative Positive Negative Negative Negative 
membranous or focal 
Cathepsin-K Negative Negative 50% positive Negative Positive Negative 
PAX8 Positive Positive 50% Positive Positive Negative Negative 
HMB-45 Negative Negative Positive in some Negative Positive Negative 
Melan-A Negative Negative Positive in some Negative Positive Negative 
Vimentin Positive Positive Variable Negative Positive Positive 
EMA Positive Positive Negative or weak Positive Negative Negative 
Inhibin Negative Negative Negative Negative Negative Positive 


(<10% positive) 


papillary architecture (typically short stubby papillae) and 
is cytokeratin 7 positive and CD10 negative (or only focally 
positive on the luminal surface). Chromophobe RCC can 
occasionally mimic clear cell RCC, particularly in limited 
biopsy samples. The strong positive reactivity for cytokera- 
tin 7 and lack of carbonic anhydrase IX and CD10 reactivity 
readily differentiates between the two. Infrequently epithe- 
lioid angiomyolipoma can include a population of polygo- 
nal cells with pale to clear cytoplasm. These tumors do not 
express epithelial markers but do express muscle and mela- 
nocytic markers. 

Tumors showing extensive sarcomatoid differentiation 
may mimic one of several types of renal sarcoma. Unlike 
true sarcomas, sarcomatoid tumors often have foci of par- 
ent carcinoma, while electron microscopy and immunohisto- 
chemistry usually confirm the epithelial nature of the tumor. 
In adults, infiltrative urothelial carcinomas of the renal pelvis 
may be confused with clear cell RCC. The correct diagnosis 
may further be complicated if the urothelial carcinoma shows 
sarcomatoid differentiation. In some cases, extensive sam- 
pling may reveal areas of typical urothelial carcinoma, while 
identification of foci of carcinoma in situ within the epithe- 
lium of the renal pelvis is particularly helpful. Urothelial car- 
cinomas may be differentiated from clear cell RCC through 
positive expression of high molecular weight cytokeratin, 
p63, GATA3, and carcinoembryonic antigen. 

A number of benign conditions may resemble clear cell 
RCC. Xanthogranulomatous pyelonephritis is often symp- 
tomatic with clinical features that may mimic malignancy. 
The gross appearances may also cause confusion as there is 
often a tumor-like mass that is yellow and appears to infiltrate 
into perirenal fat. The renal outflow tract is almost always 
obstructed, usually by a calculus or deformity of the pelvi- 
ureteric junction.'** Microscopically, xanthogranulomatous 


pyelonephritis consists of sheets of foamy macrophages, 
which may resemble the clear cells of RCC.'* The cyto- 
plasm of the tumor cells is, however, not foamy, and most 
importantly, the typical vascular network of clear cell RCC 
is not seen. Malakoplakia may also resemble renal carci- 
noma’ although the diffusely granular cytoplasm, the pres- 
ence of Michaelis-Guttmann bodies, and the absence of both 
nuclear pleomorphism and the vascular network of clear cell 
RCC are usually diagnostic. 

Extrarenal metastases of clear cell RCC may present dif- 
ficulties in diagnosis. PAX8 is presently considered the most 
sensitive and specific marker for the renal tubular origin of 
a metastasis. A limited number of other tumors do express 
PAX8, and other markers may be necessary if any of these 
are in the differential diagnosis (Box 2-3). Coexpression 
of pancytokeratin and vimentin, as well as the presence of 
intracytoplasmic glycogen is suggestive of a renal primary, 
and on electron microscopy, luminal or intercellular dense 
arrays of microvilli are a confirming feature." 

RCC infiltrating the adrenal gland may be differentiated 
from adrenal cortical carcinoma through staining for epithe- 
lial membrane antigen or cytokeratin as these are negative 
or only weakly positive in adrenal carcinoma.'** Metastases 
to the thyroid may be correctly differentiated from primary 
clear cell carcinoma by negative staining for thyroglobulin 


Box 2-3 @ TUMORSTHAT EXPRESS PAX8 


Renal cell carcinoma (all types) 
Thyroid tumors 

Miullerian tumors 

Wolffian duct lesions 

Thymic neoplasms 
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and transcription terminator factor 1 (TTF1), while metasta- 
ses to the ovary are CA-125 negative and usually retain the 
immunohistochemical phenotype typical of renal convoluted 
tubules. 

Hemangioblastoma of the central nervous system, which 
can be associated with VHL disease, can resemble clear cell 
RCC. A positive immunohistochemical reaction for epithe- 
lial membrane antigen is normally diagnostic as this is not 
seen in hemangioblastoma.'*” 


Prognosis and Predictive Factors 


Staging 

Of all the prognostic parameters investigated for clear cell 
RCC, tumor stage most consistently predicts outcome in 
individual cases.! In the TNM staging system, intrarenal 
tumors are categorized according to size, and in numerous 
studies investigating a variety of size cut points, maximum 
tumor diameter has been shown to be of prognostic signifi- 
cance.”87°-13%-142 By treating size as a continuous variable, it 
has been shown that the probability of death increases by a 
factor of 3.5x for each doubling of tumor size.’ 

Tumors showing regional spread are categorized as pT3 
in the TNM system, and it is recognized that this pT cat- 
egory is associated with a variable outcome." Infiltration 
of renal sinus fat is associated with increased risk of meta- 
static disease." It has also been shown that this has a less 
favorable outcome when compared to patients with infil- 
tration of the perirenal fat. This finding has been recently 
challenged as similar rates of survival were reported for 
patients with perirenal and renal sinus fat invasion.'** 
Macroscopic invasion of the renal vein is associated with 
a worse prognosis when compared to patients with organ- 
confined disease.'*° 

Invasion of the adrenal gland is an important prognostic 
marker and is associated with a poor outcome. Direct exten- 
sion of tumor to the adrenal has a 5-year survival of 20%, 
which is similar to that for pT4 tumors.!**'4” Somewhat sur- 
prisingly, metastatic spread of tumor to the adrenal gland 
appears to have a better outcome as patients with solitary 
adrenal metastases have 5- and 10-year survival rates of 61% 
and 31%, respectively. This compares with rates of 19% and 
16% for patients with combined adrenal and extra-adrenal 
metastatic spread of tumor. '*8 

Multicenter studies have suggested that a modification 
of pT3 and pT4 criteria may improve the predictive value 
of tumor staging. In this modification, cases were grouped 
according to the presence of tumor in renal vein or infra- 
diaphragmatic vena cava or perirenal fat invasion (group 1), 
perirenal fat invasion with either renal vein or infradiaphrag- 
matic vena cava thrombus or adrenal gland invasion (group 2), 
and adrenal involvement with renal vein or infradiaphrag- 
matic vena cava thrombus, supradiaphragmatic vena 
cava thrombus, or Gerota fascia invasion (group 3) with the 
5-year survival for each group being 61%, 35%, and 13%, 
respectively." 
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There are limited studies that investigate the prognostic 
significance of microvascular invasion of the renal vein, 
although this has been shown to correlate with outcome, 
independent of pT category and tumor grade.'**'*! Intrarenal 
microvascular invasion has also been shown to correlate 
with both the development of metastases and survival, inde- 
pendent of pT1-pT3 category and grade.!°? 

Spread of tumor to the regional lymph nodes has prog- 
nostic significance independent of pT category, with 5-year 
survivals for patients with NO and N+ being 74% and 
10%, respectively.'* A 5-year survival rate of 52% for N+ 
tumors with no evidence of extrarenal metastases has also 
been reported, and this was significantly higher than the 
7% observed for patients with metastatic spread of tumor.'™* 


Grading 

Grading of RCC in general is discussed later in the chap- 
ter, but Fuhrman grading of clear cell RCC has been shown 
to have a significant association with outcome on univari- 
ate analysis’”!°>; however, this was lost on multivariate 
analysis in one series where N category was found to be the 
only parameter to retain prognostic significance.” In some 
instances, a significant association with survival was seen 
only when two or more grades were grouped together.'**® 
Fuhrman grading has also been correlated with pT staging 
categories, when grading was grouped into two categories 
(G1 + G2 vs. G3 + G4).!5 Many pathologists base their 
Fuhrman grading on nucleolar prominence alone, and in 
support of this, nucleolar prominence has been correlated 
with tumor stage.'*’ In a mixed series of RCC, in which 74% 
of cases were clear cell RCCs, the percentage of high-grade 
carcinoma (Fuhrman grades 3 and 4) was highly correlated 
with metastasis-free interval, overall survival, and cancer- 
specific survival.!°8 


Other Morphologic Features 

Sarcomatoid differentiation of clear cell RCC is an impor- 
tant prognostic indicator with reported disease-specific sur- 
vival at 2, 3, and 5 years of 29% to 37%, 19% to 32%, and 
1% to 22%, respectively.'!°"!°?"'? The prognosis of sarcoma- 
toid RCC is also stage dependent with a reported median 
survival for localized disease of 17 months. For patients 
with regional or distant metastases, the survival was 8 and 
7 months, respectively.'*! The proportion of tumor showing 
sarcomatoid morphology is, at best, of limited significance 
as the survival difference of patients with tumors <50% and 
>50% sarcomatoid component has been shown to be only 
weakly significant. '*! 

Patients with tumors containing foci of rhabdoid differen- 
tiation are twice as likely to present with extrarenal metasta- 
ses, and in one series, 71% of patients developed metastases, 
with a mean follow-up of 5 months. Within 2 years, 43% 
of patients had died, with a mean survival interval of 
8 months.'° 

The presence of microscopic tumor necrosis within clear 
cell RCC has been correlated with survival on univariate 
analysis.”*”!* The significance of this as an independent 
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marker of prognosis is uncertain as, on multivariate analysis 
that included stage and grade, the presence of necrosis has 
been shown to have both a significant and insignificant asso- 
ciation with survival.”!* 

Mitotic rates in most clear cell RCCs are too low to pro- 
vide discriminative prognostic information; however, in 
some series, markers of cell proliferation have been cor- 
related with survival. Nuclear staining by Ki-67, which is 
expressed in actively cycling cells, has been correlated with 
outcome on univariate and multivariate analysis.!58165-167 
Similarly, numbers of silver-staining nucleolar organizer 
regions, which are most visible during interphase of the 
cell cycle, have been significantly associated with survival 
for clear cell RCC.'® Other markers of cell cycle activity 
(p27*?!, p21@!ip!) have also been correlated with either sur- 
vival or other prognostic markers.'*'® 

Other histologic features that have been shown to have 
prognostic significance for clear cell RCC are tumor vascular- 
ity!” and immunohistochemical detection of caveolin-1, 
CD-44S,'% human kallikrein," hypoxia-inducible factor- 
l-alpha,'” matrix metalloprotease inducer,'’”® MUC-1,'” 
and osteopontin. "78 

Multiple genetic mutations have been demonstrated for 
clear cell RCC, and specific mutations have been corre- 
lated with aggressive disease. Loss of heterozygosity at 
14q correlates with advanced tumor stage and poor sur- 
vival. ?™!? Similarly loss of chromosome 9p is associated 
with advanced-stage, high-grade tumors and decreased 
survival, !8°'8! 

Clear cell RCCs that are detected as an incidental finding 
have a favorable prognosis while anemia, hypercalcemia, and 
systemic symptoms such as fever and weight loss are usually 
indicative of extrarenal spread or metastatic disease.!* 

In an attempt to stratify outcome for patients with clear 
cell RCC, several prognostic nomograms have been pro- 
posed. The Memorial Sloan-Kettering Cancer Center prog- 
nostic nomogram for RCC was established in 2001. This 
contained a category for histologic type that included the 
three main types of RCC.'* In 2005, the nomogram was 
refined to focus on clear cell RCC.'* The revised nomo- 
gram was based upon tumor size, TNM 2000 pT category, 
Fuhrman grade, presence of necrosis, presence of micro- 
vascular invasion, and presence of systematic symptoms, 
although on multivariate analysis, only Fuhrman grade and 
the presence of microvascular invasion were found to retain 
a significant relationship with survival. In a separate study, 
the nomogram was found to have poor predictive accu- 
racy.'*> While the nomogram contains several dependent and 
possibly insignificant variables, there is also a likelihood 
that a number of the tumors utilized to define it were under- 
staged, as many of the cases were accessioned prior to the 
recognition of renal sinus invasion as an important prognos- 
tic indicator. A similar predictive scoring system, designated 
the SSIGN (stage, size, grade, necrosis) score, has been 
proposed by a group from the Mayo Clinic (Table 2-6).186187 
A dynamic prediction model has now been incorporated 


Table 2-6 m@ SSIGN SCORE ALGORITHM 


FOR PREDICTING OUTCOME IN RENAL CELL 
CARCINOMA 


Feature Score 


Primary tumor classification: 
emi 
pl2 
pimsi 
pT3b 
alte 
pl4 
Regional lymph node involvement: 
pNx 
pNO 
pN1 
pN2 
Distant metastases 
pMO 
pM1 
Primary tumor size (cm): 
<5 
5 or greater 
Nuclear grade: 
1 
2 
3 
4 


Coagulative tumor necrosis: 
Absent 
Present 


NOGO ONNN—oO 


(oes) NO RO 


NO 


Modified from Frank |, Blute ML, Cheville JC, et al. An outcome pre- 
diction model for patients with clear cell renal cell carcinoma treated 
with radical nephrectomy based on tumor stage, size, grade and 
necrosis: the SSIGN score. J Urol 2002;168:2395-2400. 


into this scoring system (D-SSIGN). This dynamic model is 
aimed to provide more accurate assessment of distant post- 
operative survival, as it has been shown that cancer-specific 
survival increases with increasing postoperative disease-free 
interval (Table 2-7).!87 


Table 2-7 m FIVE ANDTEN-YEAR CANCER- 


SPECIFIC SURVIVAL ACCORDINGTO SSIGN 
SCORE AT SURGERY 


Score Cancer-specific Survival 
Five years Ten years 

0-1 98.6 95.1 
2 94.9 87.0 
3 88.9 776 
4 823) 70.4 
5 69.6 58.5 
6 672 50.4 
7 44.9 DUZ 
8+ 176 183 


Modified from Thompson RH, Leibovich BC, Lohse CM, et al. 
Dynamic outcome prediction in patients with clear cell renal cell 
carcinoma treated with radical nephrectomy: the D-SSIGN score. 
J Urol 2007;177:477-480. 
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Treatment 


Surgery is the only curative treatment for clear cell RCC. For 
small lesions, nephron-sparing partial nephrectomy is the 
treatment of choice while larger or locally advanced tumors 
are managed by radical nephrectomy. The latter involves 
removing the entire kidney with the perirenal fat and Gerota 
fascia.'°' Although this surgery includes the adrenal gland, 
many surgeons now leave the adrenal gland behind. 

Numerous studies have demonstrated that partial 
nephrectomy has an equivalent outcome to radical nephrec- 
tomy.'**!° There are recent data showing that outcome is 
better for patients treated by partial versus radical nephrec- 
tomy.!™ Partial nephrectomy has led to an increased utiliza- 
tion of frozen sections in RCC surgery principally for margin 
control.!*' Several studies have however demonstrated that 
positive surgical margins at surgery do not correlate with 
a higher rate of local recurrence or with outcome.'”*!% 
Laparoscopic approaches are commonly used currently for 
both radical and partial nephrectomy procedures with excel- 
lent results.!°*!°5 This can result in morcellated specimens 
making pathologic staging and histologic typing challenging 
but possible in most cases.!”° 

Ablation procedures including cryoablation and radio 
frequency ablation to treat small renal tumors have become 
increasingly popular with early results indicating equivalent 
cancer control to surgical approaches in selected patients.!°”"!”” 
Surveillance is another treatment option in selected patients 
that is gaining interest though only limited long-term out- 
come data are available.'*?” The latter two approaches have 
resulted in an increasing role for needle biopsy of renal 
masses,70!? 

Spread of tumor into the renal vein, inferior vena cava, 
and even the right atrium is not infrequent in patients with 
RCC. For these patients, surgical resection remains a valid 
treatment option. Numerous studies have demonstrated the 
potential curability of such advanced disease. 

Regional lymphadenectomy has not been routinely per- 
formed at the time of nephrectomy. There has been a phase 
JI clinical trial evaluating the role for lymphadenectomy that 
demonstrated no survival advantage gained by the perfor- 
mance of a lymph node dissection although it did provide for 
more accurate staging.”° In that study, lymph node metasta- 
ses were identified in 4% of patients, a substantially lower 
percentage than had been reported in the older literature. 

Adjuvant therapy is of limited efficacy for metastatic 
disease. High-dose interleukin 2 is not associated with 
improved survival despite an increase in the rate of ini- 
tial durable remissions, while interferon has a proven, but 
limited effect.2 More recently, a variety of targeted thera- 
pies have been developed that affect the gene products of 
the hypoxia-inducible factor pathway, which include trans- 
forming growth factor, platelet-derived growth factor, and 
vascular endothelial growth factor. Agents currently 
available for clinical use include bevacizumab (antivascu- 
lar endothelial growth factor), sunitinib (antivascular endo- 
thelial growth factor receptor and platelet-derived growth 
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factor receptor-B), sorafenib (antivascular endothelial growth 
factor receptor, anti-Rafkinase), and temsirolimus (mTOR 
inhibitor). These inhibitors all show efficacy in promoting 
tumor shrinkage and delaying progression of metastatic dis- 
ease and have shown promise in improving outcome over 
traditional biologic therapies.” In selected patients, 
resection of metastases may be beneficial.7°? 


Multilocular Cystic Renal Cell Carcinoma 
Introduction 


Clear cell RCCs frequently contain cysts, and these are usually 
degenerative in nature. In up to 5% of clear cell RCCs, cyst 
formation is pronounced, with flattened septa lined by cells 
with clear cytoplasm and minimal nuclear pleomorphism.” 
In early studies, these tumors were considered to be cystic 
lymphangioma’''; however, these tumors are now recognized 
to be a distinctive subtype of renal epithelial neoplasia.”'” 


Epidemiology and Clinical Features 


Multilocular cystic RCC has been reported in patients 
aged from 8 to 80 years.??!* The mean age at presenta- 
tion for 208 cases published between 1928 and 2009 was 
52 years.” 7!” In more recent series, this is somewhat lower 
at 46 years, which reflects the influence of improved imag- 
ing modalities. The mean age at diagnosis for females is 
slightly younger than that for males. Tumors are more com- 
monly seen in males, with a male-to-female ratio of 2:1. No 
predisposing risk factors have been reported. 

In recent series, multilocular cystic RCC has been diag- 
nosed incidentally in up to 90% cases, including two cases 
diagnosed during pregnancy.”'*'’ For symptomatic patients, 
presenting features are flank or abdominal pain, hematuria, 
and abdominal mass. 

As with cystic nephroma and mixed epithelial stromal 
tumor of kidney, multilocular cystic RCCs show Bosniak 
type II or III features.*'* Hypodense cystic areas with focal 
hyperdense hemorrhage or gelatinous fluid are usually seen 
on CT imaging, and utilizing strict criteria, these tumors may 
be differentiated from cystic clear cell RCC.*!’ Rarely, dys- 
trophic calcification is present within the septa. 


Pathology 


Gross Features 

Tumors range in size up to 14 cm in maximum diameter, 
with a mean diameter of 4 to 7 cm.’'* Tumors are encapsu- 
lated and consist of cysts of variable size containing serous, 
gelatinous, or hemorrhagic fluid (Fig. 2-24). The cyst walls 
are thin, and neither expansive nodules nor solid areas of 
growth are present. Foci of calcification may be seen. 
Occasionally tumors are bilateral or multifocal.” 


212 


Microscopic Features 

Cysts are usually lined by a single layer of cuboidal to flat 
tumor cells, although in areas the epithelial lining of the cyst 
wall may be absent. Focally, several layers of lining cells may 
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Figure 2-24 Œ Multilocular cystic renal cell carcinoma. The 
tumor is entirely cystic without solid nodules of expansile growth. 


be present, and these occasionally form small papillary pro- 
jections. The tumor cells have clear cytoplasm, and there is a 
low grade of nuclear pleomorphism. Nuclei often have dense 
chromatin, and although most tumors are Fuhrman nuclear 
grade 1, occasional tumors may show grade 2 features. 

The cyst walls are composed of fibrous tissue that may be 
densely collagenous. Dystrophic calcification may also be 
seen, and rarely there may be osseous metaplasia. Nests and 
individual tumor cells are typically seen within cyst walls, 
and not infrequently microscopic aggregates of clear cells 
may be present (Fig. 2-25). 


Ancillary and Special Studies 

The immunohistochemical profile is similar to that of clear 
cell RCC with strong membrane expression of carbonic 
anhydrase IX and EMA. CD10 is negative in a small percent- 
age, and a few cases do show weak expression of cytokeratin 
7.2” Tumor cells frequently show positive expression of the 
proximal nephron markers peanut agglutinin and MUC-1, 
while distal nephron markers LeuM1 and LTA are nega- 
tive.”! Tumor cells also show positivity with Cam 5.2 and 


Figure 2-25 WŒ Multilocular cystic clear cell renal cell carci- 
noma. The carcinoma cells are embedded in the stroma of a septum. 


COMPLEX CYSTIC MASSES INTHE 


Box 2-4 
KIDNEY 


e Multilocular cystic clear cell renal cell carcinoma 
Tubulocystic renal carcinoma 

Clear cell papillary renal cell carcinoma 

Cystic nephroma 

Localized (segmental) cystic disease 


pancytokeratin. This latter feature may be used to confirm 
the epithelial nature of clear cells within cyst walls, as these 
may resemble histiocytes. Ultrastructurally, multilocular cys- 
tic RCC is similar to clear cell RCC. In a single study, these 
tumors have been shown to harbor VHL gene mutations.” 


Differential Diagnosis 


Multilocular cystic RCC must be differentiated from other 
tumors that can have a complex cystic gross appearance 
(Box 2-4). This includes cystic nephroma, tubulocystic renal 
carcinoma, clear cell papillary RCC, and localized cystic dis- 
ease. The cysts of cystic nephroma are lined by a largely flat- 
tened to attenuated epithelium that typically has hobnail cells 
at least focally. The epithelial cells are never seen within the 
cyst septa. Additionally, the stroma of cystic nephroma often 
has areas that resemble ovarian stroma. In tubulocystic car- 
cinoma, the spaces range from small round tubules to large 
cystic spaces. The cells are usually cuboidal with ampho- 
philic cytoplasm and apocrine-like blebs on the surface. 
Cytoplasmic clearing is not a feature, and clear cells are not 
present within the septa. Clear cell papillary RCC is almost 
always partially solid and cystic, but the solid component can 
be quite minor. Recognition of small blunt papillae, aggre- 
gates of small tubules within the wall, cells with prominent 
subnuclear vacuoles, or a smooth muscle-containing stroma 
should suggest this possibility. Demonstration of strong reac- 
tivity for CK7 and negative or at most focal weak CD10 reac- 
tivity can confirm the diagnosis. Localized (segmental) cystic 
disease shows variably sized cysts with normal structures 
including glomeruli identifiable between the cystic spaces. 
Multilocular cystic clear cell RCC must also be distin- 
guished from usual clear cell RCC with prominent cystic 
change. Some series of multilocular clear cell RCC have 
included cystic tumors with solid areas. Utilizing the crite- 
ria recommended in the 2004 WHO classification, no solid 
areas of tumor should be visible macroscopically, and there 
should be no evidence of tumor infiltration or necrosis. 


Prognosis and Treatment 


For those reported cases that conform to the diagnostic cri- 
teria of the 2004 WHO Classification, there have been no 
reports of tumor recurrence or metastasis.”’2?'4 Because of 
this, the term “multilocular clear cell renal cell neoplasm 
of low malignant potential” was proposed in the ISUP clas- 
sification of renal tumors.’ In one case where tumor was 
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enucleated from a donor kidney prior to transplantation, no 
recurrence occurred after 10 years’ follow-up.” When fea- 
sible, nephron-sparing partial nephrectomy is the treatment 
of choice.2!5?!9?4 


Papillary Renal Cell Carcinoma 
Introduction 


Renal parenchymal tumors with a papillary morphology 
were described in the earliest reports of renal malignancy 
and were included in the first case series of renal tumors 
reported by Rayer in 1842. In subsequent studies, the bio- 
logic behavior of tumors with a papillary architecture was 
debated with some preferring to consider localized tumors, 
even of large dimensions, to be adenomas.’ 

In 1976, the clinical and pathological features of papil- 
lary RCC were described in detail by Mancilla-Jimenez 
et al.” Papillary RCC was first recognized as a distinct form 
of renal parenchymal neoplasia in 1986, with the publication 
of the Mainz classification of renal tumors.! In this classifi- 
cation, papillary RCCs were termed chromophilic cell car- 
cinoma on the basis of widespread cytoplasmic basophilia. 
It was also noted that a proportion of papillary carcinomas 
exhibited varying degrees of cytoplasmic eosinophilia, due 
to increased numbers of mitochondria, and the term chromo- 
philic cell carcinoma, oncocytic-like was proposed. 

Subsequent studies have confirmed that papillary RCC 
has distinctive clinical, histologic, and genetic features.” 
Papillary RCC was accepted as a tumor type in the classi- 
fications proposed by the Heidelberg and Rochester con- 
sensus conferences.** More recently, two specific variants 
of papillary RCC, designated type 1 and type 2, have been 
recognized, and these were included in the 2004 edition of 
the World Health Organization Classification of renal neo- 
plasia. The 2012 ISUP classification similarly recommends 
classifying papillary RCC into types 1 and 2.’ 


Epidemiology 


Papillary RCC is the second most frequently encountered 
subtype of renal parenchymal malignancy. There is some 
variation in the proportion of papillary RCCs in contempo- 
rary series of renal epithelial neoplasia published subsequent 
to the Heidelberg and Rochester consensus conferences. In 
these series, the proportion of papillary RCC ranged from 
6% to 19% of cases.” **' Of interest, lower proportions 
of papillary RCC were reported from large case series not 
subject to central histologic review.8® These would seem to 
underestimate the true proportion of papillary RCC in these 
series, as review of cases accessioned before 1997 in one 
series showed that 2% of papillary RCC had been incorrectly 
classified as other tumor subtypes.” 

There is a male predominance (1.2:1), and in larger 
series patients’ ages ranged from 15 to 97 years, with mean 
ages ranging from 59 to 63 years.’”"*' 8?” Papillary RCC 
has also been reported in pediatric patients, and in this age 
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group these tumors are more frequently encountered when 
compared to adult series.”*° 

While the great majority of papillary RCCs occur spo- 
radically, several familial renal cancer syndromes are associ- 
ated with this tumor type (Table 2-3). These syndromes are 
detailed in a separate section on familial renal neoplasia. 


Clinical Features 


The clinical presentation of papillary RCC is not specific to 
this particular type of RCC, being similar to other forms of 
renal parenchymal malignancy. In earlier studies, hematuria 
was acommon presenting feature, with abdominal pain and the 
detection of an abdominal mass being less frequently seen.””° 
Tumors are detected as incidental findings in approximately 
20% of cases, and the classic triad of hematuria, abdominal 
mass, and abdominal pain is observed in approximately 5% to 
10% of cases, a finding similar to clear cell RCC. Spontaneous 
hemorrhage, which is rarely seen in clear cell RCC, was found 
to be a presenting feature for 8% of papillary RCC." 

In more recent series, where tumors were divided accord- 
ing to type, papillary RCCs were asymptomatic in up to 
half of cases.’”’**! In particular, it has been noted that these 
tumors are less likely to be symptomatic, but more likely to 
be multifocal and exhibit necrosis, than clear cell RCC and 
chromophobe RCC.” 

Papillary renal cell carcinoma is more frequently associ- 
ated with end-stage renal failure than clear cell renal cell car- 
cinoma, and in these cases, multifocality is more common.”” 

Many of the studies on paraneoplastic syndromes asso- 
ciated with renal cell carcinoma do not divide tumors 
according to subtype.'” While it is likely that a number of 
syndromes reported in these series are associated with pap- 
illary renal cell carcinoma, hypercalcemia, hypophospha- 
temia, and reversible hypertension have been specifically 
associated with this type.” 

Renal arteriography shows papillary renal cell carcinoma 
to be either avascular or markedly hypovascular, a feature less 
commonly seen in clear cell renal cell carcinoma.”° Tumor 
calcification is present in approximately one-third of cases. 
On ultrasound, these tumors show no evidence of neovascu- 
larity and are echo free at low gain. T1-weighted images of 
papillary renal cell carcinoma and clear cell renal cell car- 
cinoma are similar on magnetic resonance imaging, while 
T2-weighted images of papillary tumors are hypodense. Pre- 
and postcontrast computerized tomography demonstrates a 
significantly lesser enhancement for type | papillary renal 
cell carcinoma when compared to type 2 tumors,’ which 
reflects the apparent increased vascularity of type 2 tumors. 
Type | tumors have also been shown to have more distinct 
margins and a more homogeneous density than type 2 tumors. 


Pathology 


Gross Features 
Papillary renal cell carcinomas are usually well circum- 
scribed and vary in color from pale white or yellow to dark 
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FIGURE 2-26 Papillary renal cell carcinoma. The carcinoma 
is encased in a thick pseudocapsule. Its friable parenchyma reflects 
the papillary architecture of the neoplasm. 


brown, this being a reflection of the degree of hemorrhage, 
necrosis, and macrophage accumulation present within indi- 
vidual tumors (Fig. 2-26). Tumors may be solitary or multi- 
focal, with multifocality being more frequently seen in larger 
tumors and those associated with familial neoplasia. Larger 
tumors often show cystic degeneration, necrosis, and intratu- 
moral hemorrhage, and these features occur more frequently 
in papillary renal cell carcinoma than in clear cell renal cell 
carcinoma (Fig. 2-27).”° In particular, necrosis has been 
reported in 39% to 52% of cases,”™!*?* and this accounts 
for the hypovascularity that is recognized as a radiographic 
feature of these tumors.”* There is frequently a prominent 
investing pseudocapsule, which is most commonly present in 
larger and well-circumscribed tumors.”*?5?37 Intratumoral 
calcification is present in approximately one-third of cases,”** 
and rarely ossification may be present.**° Papillary renal cell 
carcinomas are more frequently associated with renal scar- 
ring than clear cell renal cell carcinomas, and in these kid- 
neys multifocal tumors are more frequently present. 


Microscopic Features 

A papillary or tubulopapillary architecture is present in 
more than 90% of cases. Solid-appearing areas, resulting 
from compressive growth of both tubules and papillae, may 
also be seen.”**37 Tumor papillae have delicate fibrovascular 
cores covered by a single layer of neoplastic epithelial cells 


FiGURE 2-27 


Papillary renal cell carcinoma. This large 
tumor has undergone extensive hemorrhagic necrosis. In such 
cases, often the only place diagnosable carcinoma is found is 
embedded in the thick pseudocapsule. 


that vary in size and morphology. In some tumors papillae 
are short and blunt and resemble glomeruli, while in other 
tumors, papillae may show complex branching or form 
long parallel arrays. Infrequently small amounts of mucin 
are found. The papillary cores contain variable amounts of 
fibrous tissue and may be expanded by edema or foamy mac- 
rophages. Foci of dystrophic calcification and psammoma 
bodies may also be seen, both in papillae and adjacent des- 
moplastic stroma,'!’?*” and the presence of calcium oxalate 
crystals has also been reported.*** In those tumors where a 
tubular architecture predominates, the tubules are composed 
of cells of similar morphology to those lining tumor papillae. 
In scarred kidneys, epithelial-lined cystic structures may be 
present with luminal papillae, and renal adenomas are also 
frequently seen. 

Two separate types of papillary renal cell carcinoma have 
been identified on the basis of histological features.””7? 
Type 1 tumors are characterized by papillary cores cov- 
ered by tumor cells with nuclei aligned in a linear fashion 
parallel to the basement membrane (Fig. 2-28). In these 
tumors the nuclei are usually small with mild to moderate 
nuclear pleomorphism and inconspicuous nucleoli. Tumor 
cell cytoplasm is usually pale and inconspicuous. Papillae 
are often short and blunt and frequently have edematous 
cores (Fig. 2-29), often containing psammoma bodies, and 
aggregates of foamy macrophages. Occasionally the cells 
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Figure 2-28 W Papillary renal cell carcinoma, type 1. The 
cytoplasm is pale, and the nuclei are small with inconspicuous 
nucleoli. 


become elongate and spindle-shaped (Fig. 2-30). Type 2 
papillary renal cell carcinomas differ from type 1 tumors 
by the presence of pseudostratification of tumor nuclei. 
The cells are usually larger with prominent eosinophilic 
cytoplasm and large nuclei with more prominent nucleoli 
(Fig. 2-31). Psammoma bodies and foamy macrophages are 
less frequently seen. In both type 1 and type 2, the papil- 
lae may become very crowded and growth may appear solid 
(Fig. 2-32). Classification of a papillary renal cell carcinoma 
as a type | or type 2 tumor should primarily be based on 
the presence or absence of pseudostratification of tumor 
nuclei. This is of some importance as occasionally there is 
overlap in the other morphologic features between the two 
tumor types. In particular, type 1 tumors may have volumi- 
nous cytoplasm, while type 2 tumors may have only scanty 
amounts of cytoplasm and small nuclei. 

Fine needle aspirates of papillary renal cell carci- 
noma usually show a variety of distinctive features and 


papillary cores are edematous and could be mistaken for cysts or 
glands. 
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Figure 2 
of the carcinoma cells have become elongate and spindle shaped. 


a definitive diagnosis is often possible.” Aspirates have 
abundant papillary clusters with fibrovascular cores, nuclei 
are of varying size, and nuclear grooves are often seen. 
Histiocytes, hemosiderin granules—often within tumor 
cytoplasm—and psammoma bodies are also frequently 
present. 


Ancillary and Special Studies 

Papillary renal cell carcinomas show positive immunohisto- 
chemical reactions for cytokeratin AE1/AE3, Cam 5.2, CK 
19, Callus, EMA, CD10, CD15, AMACR, vimentin, and 
RCC antigen; tumors are also frequently positive for S100 
protein, !%-!19.237.239.241-244 Carbonic anhydrase IX is expressed 
in approximately 50% of cases but without the striking 
membrane pattern of clear cell renal cell carcinoma. Well 
over 90% of cases are PAX8 positive.” Type 1 and type 
2 papillary renal cell carcinomas do show somewhat differing 
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Figure 2-31 W Papillary renal cell carcinoma, type 2. This 
photomicrograph shows the nuclear pseudostratification, volumi- 
nous cytoplasm, and prominent nucleoli, which are typical of papil- 
lary renal cell carcinoma type 2. 
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Figure 2-32 W Papillary renal cell carcinoma type 2. In some 
areas, the papillae may grow so closely together that the tumor 
appears solid. 


immunohistochemical staining patterns. Type 1 tumors more 
frequently express cytokeratin 7, vimentin, and MUCI1, 
while cytokeratin 20 and E-cadherin staining is more fre- 
quently seen in type 2 tumors.4®!!0:239:246 

The ultrastructural features of papillary renal cell carci- 
noma are similar to those of clear cell renal cell carcinoma, 
although cilia numbers have been shown to be higher in pap- 
illary renal cell carcinoma.” Tumors with eosinophilic cyto- 
plasm contain increased numbers of mitochondria.” 


Genetics 

It has been demonstrated that the characteristic genetic 
changes associated with papillary renal cell carcinoma 
are trisomy and tetrasomy 7, trisomy 17, and loss of the 
Y chromosome. It has been suggested that the presence 
of other genetic changes, especially trisomy 12, 16, and 
20, are associated with malignancy.*** This is somewhat 
contradicted by the finding of trisomy of chromosomes 7, 
12, 16, 17, and 20 and loss of Y in papillary adenomas.” 
In higher-stage tumors, trisomy 8 and loss of chromo- 
some 7 have been noted,” while loss of heterozygosity at 
9p13 has been associated with shorter survival intervals.” 
Loss of Ip, 4q, 6q, 9p, 13q, Xp, and Xq has also been 
reported.**! 

More recent studies have focused upon the genetic dif- 
ferences between type | and type 2 papillary renal cell 
carcinoma and several studies have disclosed a significant 
difference in genotype. Type 1 tumors show increased gains 
of 7p and 17p, while type 2 tumors more frequently have 
allelic imbalance of chromosomes Ip, 3p, 5, 6, 8, 9p, 10, 11, 
15, 18, and 22.5! ** It has also been noted that tumors with 
mutations of the c-met gene, situated at 7q31, were more 
likely to exhibit a type 1 morphology.” Although clear 
cell renal cell carcinoma is associated with loss in chromo- 
some 3p, this mutation has also been noted in some papil- 
lary renal cell carcinomas, including loss of heterozygosity 
at both the VHL and FHIT loci.'76757?%8 


KIDNEY TUMORS THAT CAN 
HAVE PAPILLARY ARCHITECTURE 


Box 2-5 


Papillary adenoma 

Papillary renal cell carcinoma 

Clear cell papillary renal cell carcinoma 
Translocation-associated renal cell carcinoma 
Hereditary leiomyomatosis and renal cell carcinoma 
syndrome tumors 

Collecting duct carcinoma 

Medullary carcinoma 

Mucinous tubular and spindle cell carcinoma 
Acquired cystic disease—associated renal cell carcinoma 
Unclassified renal cell carcinoma 


Differential Diagnosis 


The differential diagnosis of papillary renal cell carcinoma 
is extensive and somewhat dependent on the age of the 
patient (Box 2-5). In the pediatric age group, Wilms tumor 
with epithelial predominance may show a resemblance to 
papillary renal cell carcinoma,’ although blastema or dif- 
ferentiated stroma is usually revealed by thorough sampling. 
The nuclear features are also helpful as these are spheroidal 
in renal cell carcinoma, while in Wilms tumors the nuclei are 
elongate with tapered ends. 

In adult patients clear cell renal cell carcinoma, clear cell 
papillary renal cell carcinoma, translocation-associated carci- 
noma, renal cell carcinoma of the hereditary leiomyomatosis 
and renal cell carcinoma syndrome, collecting duct carcinoma, 
medullary carcinoma, mucinous tubular and spindle cell car- 
cinoma, and acquired cystic disease—associated renal cell 
carcinoma all can at least focally mimic papillary renal 
cell carcinoma. In most cases, these can be distinguished 
based on routine histology; however, limited samples as in 
needle biopsies can create challenging differential diagno- 
ses. Immunohistochemistry can be helpful in certain cases 
(Table 2-8). Papillary renal cell carcinoma may show degen- 
eration with apparent clearing of cells; however, these tumors 
lack the typical water clear cells that are diffusely present in 
clear cell papillary renal cell carcinoma.”® Clear cell papillary 
renal cell carcinoma has small blunt papillae, not the more 
well-defined and delicate papillae of most papillary renal cell 
carcinomas. Further, the moderate to abundant clear cyto- 
plasm in clear cell papillary renal cell carcinoma would be 
unusual in papillary renal cell carcinoma. In problem cases, 
immunohistochemistry for carbonic anhydrase IX, CD10, and 
AMACR will distinguish between the two (see Table 2-8). In 
translocation-associated carcinoma, the papillary architecture 
is often focal with solid and alveolar architectures predomi- 
nating, features not seen in papillary renal cell carcinoma. 
Weak or absent reactivity for epithelial markers and expres- 
sion of TFE3 in most cases can resolve problem cases. The 
presence of a solid or infiltrative tubular pattern with a pap- 
illary component should raise the possibility of the heredi- 
tary leiomyomatosis and renal cell carcinoma syndrome. 
The nucleolar features of the latter are characteristic but 
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IMMUNOHISTOCHEMISTRY INTUMORS WITH PAPILLARY ARCHITECTURE 


Translocation 


Marker Papillary Clear Cell Papillary Associated Collecting Duct 

CA IX Weak—50% Strong, membranous Focal or negative Negative 

Cytokeratin 7 Positive (type1 > type2) Strong, diffuse Negative Positive 

CK 34BE12 <25% positive Negative Negative Positive (approximately 50%) 
Pan cytokeratin Positive Positive Negative or focal Positive 

CD10 Positive Negative or focal Positive approximately 25% positive 
AMACR Positive Negative Positive Negative or weak 

Cathepsin K Negative Negative Positive (60 %-80%) Negative 

TEES REB Negative Negative Positive Negative 

INI1 Positive Positive Positive Negative (15%) 


not specific. Both collecting duct carcinoma and medullary 
carcinoma can focally have papillary architecture. The pres- 
ence of a high-grade infiltrative component, stromal desmo- 
plasia, and multiple histologic patterns would suggest one of 
these two possibilities. Collecting duct carcinoma is usually 
but not always negative for CD10 and AMACR, and expres- 
sion of high molecular weight cytokeratin (34BE12) is present 
in about half of the cases. Medullary carcinoma has a similar 
immunohistochemical profile to collecting duct carcinoma 
but in addition shows loss of INI] expression. Mucinous 
tubular and spindle renal cell carcinoma may have compact 
tubules, although the presence of extracellular mucin and 
spindle cells showing bland nuclear morphology is diagnos- 
tic. Care should be taken not to misinterpret mucinous tubular 
and spindle cell carcinoma as papillary renal cell carcinoma 
with sarcomatoid differentiation. Immunohistochemistry is 
generally not helpful as these have a similar profile to papil- 
lary renal cell carcinoma. Papillary renal cell carcinoma has 
been found in association with mucinous tubular and spindle 
cell carcinoma and tubulocystic carcinoma, and some studies 
have suggested that these three tumor types are related.**'°™ 
Acquired cystic disease—associated renal cell carcinoma usu- 
ally has a range of morphologies including solid and sheet- 
like, alveolar and micro and macrocystic, features not present 
in papillary renal cell carcinoma. Prominent cytoplasmic vac- 
uoles and a sieve-like pattern would favor acquired cystic dis- 
ease—associated renal cell carcinoma. Immunohistochemistry 
is generally not helpful. 


Prognosis and Predictive Factors 


Staging 

In early series of papillary renal cell carcinoma, it was noted 
that these tumors were more likely to be organ confined than 
clear cell renal cell carcinoma,”® and a reported median sur- 
vival of 13 years for these tumors was longer than the 6 years for 
nonpapillary (predominantly clear cell renal cell carcinoma) 
tumors.” In recent series, papillary renal cell carcinoma has 
been shown to be smaller®*’*” and more likely to be localized 
to the kidney at the time of diagnosis than clear cell renal cell 
carcinoma.’”*°?666 The reported 5-year survival for all stages 


of papillary cell renal cell carcinoma ranges from 66% to 90%, 
which compares to 55% to 81% for clear cell renal cell carci- 
noma.*°?*66° The survival difference between these two tumor 
types has been shown to be significant. Stage at diagnosis 
has prognostic significance and tumor size has been correlated 
with outcome, specifically; 1997 tumor stage (pT1 vs. pT2 vs. 
pT3 vs. p T4) and the presence of metastatic disease have been 
significantly associated with survival.”*'°* When survival was 
analyzed according to stage, organ-confined papillary renal 
cell carcinoma was found to have a significantly improved 
5-year survival rate, when compared to clear cell renal cell 
carcinoma (63% vs. 50%), while the 5-year survival rates for 
patients with metastatic disease was similar.*° 


Grading 

The various grading classifications proposed following analy- 
sis of a series of mixed subtypes of renal cell carcinoma are 
largely unproven for papillary renal cell carcinoma. Especially 
in North America, the Fuhrman grading classification is in 
widespread usage for the various subtypes of renal cell car- 
cinoma, although validating data are limited. Fuhrman grad- 
ing has been shown to predict outcome on univariate analysis 
in eight studies of papillary renal cell carcinoma, although in 
three of these grading categories were grouped for analytical 
purposes.”*”'956727! Tn four of eight studies that investigated 
the prognostic significance of grading using multivariate analy- 
sis, grading was significantly associated with outcome? *°?7! 
while in the remaining four’? it was not. Analysis of the 
relationship of each of the defining criteria of the Fuhrman 
grading classification with outcome, showed a significant 
association with nucleolar prominence (determined from the 
high power field in the tumor showing the greatest degree of 
nuclear pleomorphism), but not for nuclear size or nuclear 
pleomorphism.*” In view of these findings, it has been rec- 
ommended that, for papillary renal cell carcinoma, Fuhrman 
nucleolar criteria should be used for assigning grades | to 
3. In practice most pathologists do rely on nucleolar size 
+ nuclear chromatin granularity) alone to define grade 1 to 
3 tumors,°?” and this is reflected in the reporting recommenda- 
tions of the Association of Directors of Anatomic and Surgical 
Pathology.’™ Assignment of Grade 4 using the criteria of the 


— 
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Fuhrman classification requires the presence of marked nuclear 
pleomorphism, tumor giant cells, or sarcomatoid differentia- 
tion. Sarcomatoid change occurs in 5% of papillary renal cell 
carcinomas and is seen in both type 1 and type 2 tumors.” 


Other Features 
Sarcomatoid change is infrequent but when present has been 
correlated with poor prognosis independent of tumor stage 
and grade for these tumors.”*!%° 

The presence of venous tumor thrombosis has been shown 
to have independent prognostic significance,” while tumor 
necrosis, which has prognostic significance for clear cell 
renal cell carcinoma, does not correlate with survival.”*'“ 
Markers of cell proliferation (silver-staining nucleolar orga- 
nizer region score and Ki-67 index) have also been correlated 
with outcome for papillary renal cell carcinoma.”?7>?76 

Prognostic studies relating to genetic status are limited. 
Hypoploidy has been associated with an adverse outcome as 
has allelic loss on chromosome 9p13.7*°?77 

Division of papillary renal cell carcinomas according to 
type 1 and type 2 morphology appears to have prognostic 
significance. Type 2 tumors are larger and more frequently 
of higher stage than type 1 tumors.™7?56278-280 Typing of 
these tumors has been shown to correlate with outcome on 
univariate analysis!4239.746250.256.267.276.279-282 although this was 
retained on multivariate analysis that included tumor stage in 
only three studies.?°°?”8° 


Prognosis and Treatment 


Patients with papillary renal cell carcinoma are more likely 
to have other primary visceral malignancies than are patients 
with clear cell renal cell carcinoma, with colonic, prostatic, 
and bladder cancers predominating.*°** Overall the prog- 
nosis is considered to be better than for clear cell renal cell 
carcinoma.” The management of papillary renal cell carci- 
noma is similar to that of clear cell renal cell carcinoma and 
is primarily surgical. Systemic therapy for these tumors has 
limited efficacy.”* 


Chromophobe Renal Cell Carcinoma 
Introduction 


Chromophobe renal cell carcinoma was recognized as a 
distinct form of renal parenchymal neoplasia by Wolfgang 
Thoenes et al. in 1985.°% It was soon recognized that many 
of these tumors contain both chromophobe and eosinophilic 
cell types in varying proportions and sometimes the eosino- 
philic cells greatly predominated or were even the exclusive 
cell type.” Immunohistochemical studies have suggested 
that chromophobe renal cell carcinomas are derived from 
intercalated cells of the collecting duct.' 


Epidemiology 


In large registries from multiple locations, the proportion 
of chromophobe renal cell carcinoma within mixed series 


of renal cell carcinoma is approximately 4%,777880 83288 2% 
Chromophobe renal cell carcinoma occurs almost exclu- 
sively in adults with reported mean ages from several series 
being approximately 58 years.77788°*32%9! Chromophobe 
renal cell carcinoma is very rare in children.**? There is a 
slight male predominance with the reported male-to-female 
ratio ranging from 1:1 to 1.6:1.777888 


Clinical Features 


In recent series, the majority of patients were asymptomatic, 
with the tumors discovered as incidental findings.” In 
common with other renal neoplasms, when symptomatic, the 
most common presenting features are flank pain, hematuria, 
weight loss, or flank mass.’ The radiological findings for 
chromophobe renal cell carcinoma are nonspecific. Tumors 
are usually hypodense and well circumscribed. Laboratory 
tests are usually noncontributory, although rare instances of 
anemia have been reported.” 


Pathology 


Gross Features 

In large series, chromophobe renal cell carcinomas were 
unilateral and ranged in size from 1.5 to 25 cm, with mean 
diameters ranging from 5.4 to 9 cm (Fig. 2-33),777878829129 
Chromophobe renal cell carcinoma is typically unifocal 
although multifocality occurs occasionally.’”7"! 


FIGURE 2-33 Œ Chromophobe renal cell carcinoma. This 
gross photograph shows a relatively homogeneous tumor with a 
brownish color. 
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The tumors are well circumscribed, and a prominent 
pseudocapsule may be present. The cut surface of chromo- 
phobe renal cell carcinoma in the unfixed state is beige, light 
brown, or tan, while after formalin fixation the tumors are 
gray to white. The eosinophilic variant tumors are darker 
brown than the classic type, more closely mimicking onco- 
cytoma. Chromophobe renal cell carcinomas are usually 
solid, and there may be a central zone of edematous stroma 
similar to that sometimes seen in oncocytomas. Rarely, 
small cysts may be present; however, visible cysts are not 
typical of chromophobe renal cell carcinoma, and the tumors 
do not show the variegation typical of clear cell renal cell 
carcinoma.”§729!-2% 


Microscopic Features 

Histologically, chromophobe renal cell carcinoma most fre- 
quently consists of sheets or broad trabeculae of cells, although 
occasionally areas with small cysts are present.” The 
archetypal chromophobe cell varies in size from small to 
quite large and has pale-staining flocculent cytoplasm and a 
prominent cell membrane (Fig. 2-34). The nucleus is central 
or slightly eccentric, usually with a mild degree of nuclear 
pleomorphism, although occasionally large, but regular, 
nuclei may be present. Sometimes the nuclei show fixation 
artifact and have a wrinkled contour. Small nucleoli are usu- 
ally visible. Often there is an area of cytoplasmic clearing 
around the nucleus forming a pronounced perinuclear halo. 
Intracytoplasmic basophilic inclusions may also be present. 
Tumor cells often show dyscohesion, and although this is a 
processing artifact, this feature can be diagnostically helpful. 
The cytoplasm of the tumor cells contains mucopolysaccha- 
ride, and this stains diffusely and strongly with Hale colloidal 
iron stain.°° Most chromophobe renal cell carcinomas also 
contain some cells with eosinophilic cytoplasm. These cells 
are usually smaller than the average chromophobe cell, and 
because of the cytoplasmic staining, the perinuclear halos 
are more prominent. In about 10% of chromophobe renal 


Figure 2-34 E Chromophobe renal cell carcinoma. The ran- 
dom mosaic-like mixture of large and small cells, thick-walled vas- 
culature, and coarsely granular cytoplasm are typical features. 
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Figure 2-35 WŒ Chromophobe renal cell carcinoma. This 
eosinophilic variant of chromophobe renal cell carcinoma resem- 
bles the compact growth pattern of renal oncocytoma. 


cell carcinomas, these eosinophilic cells predominate to the 
extent that the tumor resembles an oncocytoma and these 
tumors are designated as the eosinophilic variant of chromo- 
phobe renal cell carcinoma (Fig. 2-35).787788% 

The sheets of neoplastic cells are a random mosaic 
of large, medium, and small cells. In some tumors, large 
balloon-like chromophobe cells surround some of the blood 
vessels (Fig. 2-36). While there are thin-walled vessels and 
delicate fibrous septa, a striking feature is the presence of 
thick-walled hyalinized vessels of fairly small caliber. While 
occasional psammoma bodies may be present, a distinctive 
common finding is the presence of scattered small irregular 
aggregates of fine calcific granules. 

Rarely, chromophobe renal cell carcinomas show atypical 
features. Focally, the tumors may exhibit microcystic change 
with associated lipochrome pigmentation.”** Neuroendocrine 
differentiation has been reported.” Tumors may also show 
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extensive calcification and even osseous metaplasia.?°°??’ 
Chromophobe renal cell carcinoma undergoes sarcomatoid 
change at about the same frequency as clear cell and papil- 
lary renal cell carcinoma: 4% to 8%. There may be some 
ethnic or geographic variability in this since the prevalence 
of sarcomatoid change was higher in a series from Saudi 
Arabia.” Rarely in sarcomatoid tumors, squamous, rhab- 
domyosarcomatous, osteosarcomatous, or chondrosarco- 
matous differentiation have been reported.?”°” Rhabdoid 
morphology has also been reported.*” 

Chromophobe renal cell carcinoma has distinctive cyto- 
logic features and may be diagnosed by fine needle aspi- 
ration. In cytological preparations the carcinoma cells are 
arranged in small clusters and as single cells. The cells in the 
smears show the mosaic-like pattern of large and medium 
and small cells and well-defined cell membranes that are 
seen in paraffin sections. In Diff-Quik-stained smears, peri- 
nuclear halos can be seen in some cells.304305 


Ancillary and Special Studies 
Immunohistochemical staining of chromophobe renal cell 
carcinoma is diffusely positive for EMA, CK7, CK14, parv- 
albumin, MUC-1, E-cadherin, and c-kit (CD117).49:1113003% 
The CK7 staining is cytoplasmic with accentuation at the 
cell membranes. Focal positivity has been reported for 
CD10, AMACR, CD82, caveolin-1, beta defensin, and 
kidney-specific cadherin.**477°7>!° 3!3 There is no or only focal 
weak expression of carbonic anhydrase [X.!!*"'S Claudin-7 
shows diffuse expression, while claudin-8 staining is nega- 
tive. There is negative or at best focal expression of high 
molecular weight cytokeratin, vimentin, S100A1 protein, 
and RCC antigen .49307-309,314,315 

Electron microscopic examination of chromophobe renal 
cell carcinoma shows the presence of numerous pleomor- 
phic, round to elongate microvesicles within the cytoplasm, 
ranging in size from 130 to 550 uM.*!°3!7 It has been sug- 
gested that these microvesicles are of mitochondrial ori- 
gin.” Large vacuoles containing microvesicles are often 
present and these are considered to represent intracellular 
degradation.*'* Cell boundaries are prominent due to the 
presence of short microvilli, and occasional aggregates 
of dense core granules and cytokeratin microfilaments 
have been reported.**’*!° The eosinophilic variant of chro- 
mophobe renal cell carcinoma has been shown to contain 
greater numbers of mitochondria. These mitochondria are 
abnormal, often with tubulovesicular cristae, and in both 
types of chromophobe renal cell carcinoma budding from 
the mitochondrial membrane has been observed, which 
may be the mechanism of microvesicle formation. In the 
eosinophilic variant of the tumor, fewer intracytoplasmic 
microvesicles are seen.787?93317 

It has been noted that microvesicles are disrupted 
by alcohol and xylene, and are not usually visible in 
paraffin-embedded tissue processed for electron microscopy. 
It is considered that the disruption of these vesicles dur- 
ing processing releases the mucopolysaccharides that stain 


positively with Hales colloid iron. Although most difficult 
cases are generally resolved by light microscopy and immu- 
nohistochemistry, in the past, it has been recommended 
that tissue be retained for ultrastructural studies in cases of 
potential diagnostic difficulty.’ 


Genetics 

Cytogenetic and molecular studies on chromophobe renal 
cell carcinoma show widespread loss of chromosomes and 
chromosomal regions, with monosomy of chromosomes 1, 
2, 6, 10, 13, 17, and 21 being most frequently observed.*”° 
While this pattern is also seen in metastatic chromophobe 
renal cell carcinoma, sarcomatoid transformation of the 
tumors is associated with additional mutations, resulting in 
multiple gains of chromosomes 1, 2, 6, 10, and 17.°”! 

The genetic profile of chromophobe renal cell carcinoma 
differs from that of oncocytoma, and FISH studies have been 
used to differentiate between these two tumor types.*” While 
91% of chromophobe renal cell carcinomas showed multiple 
losses among chromosomes 1, 2, 6, 10 and 17, 92% of onco- 
cytomas showed no chromosomal losses or losses involving 
only one of these five chromosomes. 


Differential Diagnosis 


The cellular morphology of typical chromophobe renal cell 
carcinoma, coupled with sheet-like growth pattern and hya- 
linized vasculature, is usually diagnostic. Eosinophilic chro- 
mophobe renal cell carcinoma can be more problematic and 
in particular may mimic both oncocytoma and clear cell renal 
cell carcinoma with granular cytoplasm (see Table 2-2). 
Unlike oncocytoma, chromophobe renal cell carcinoma 
has wrinkled nuclei although these are often few in the 
eosinophilic variant. Prominent perinuclear halos is a fea- 
ture often seen and can be particularly prominent in the 
eosinophilic variant, a feature that is usually only focally 
seen in oncocytoma. The cell nests are more variable in size 
in oncocytoma, and separation by loose edematous stroma 
is characteristic of oncocytoma and less conspicuous with 
chromophobe carcinoma. Evidence of significant infiltration 
into perirenal fat with a desmoplastic stromal response is 
also indicative of carcinoma. Colloidal iron staining may be 
helpful in differentiating these two tumor types. In chromo- 
phobe renal cell carcinoma, staining is usually diffuse within 
the cytoplasm (Fig. 2-37A). Oncocytoma may also show 
positive staining, which has been reported in up to 84% of 
cases. This is, however, often focal and weak, and may be 
confined to the luminal aspect of the cell.” 
Immunohistochemical stains are often of utility in dif- 
ferentiating eosinophilic chromophobe renal cell carcinoma 
from oncocytoma. There is an extensive literature promoting 
many markers as being helpful in this distinction, but for the 
most part, these have not stood the test of time. One marker 
that has proven useful is cytokeratin 7 that usually shows dif- 
fuse expression with accentuation of the cytoplasmic mem- 
brane in chromophobe renal cell carcinoma (Fig. 2-37B). 
In contrast, oncocytomas may be negative, but more often 
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cells blue. The nearby glomerulus and epithelium lining nonneoplastic tubules are useful positive and negative controls by which to evaluate 
the success of the staining procedure. B: Immunohistochemistry for cytokeratin 7 shows a positive reaction the cytoplasm of nearly all of 
the neoplastic cells. The reaction is heightened at the plasma membrane and rarefied around the nucleus. 


individual cells or groups of cells are positive. Both tumors 
express CD117 with a membranous pattern and are negative 
for CD10 and vimentin. 

While morphology assessment usually permits differen- 
tiation of chromophobe renal cell carcinoma from clear cell 
renal cell carcinoma, some cases may be problematic. The 
strong positive reactivity for cytokeratin 7 and lack of car- 
bonic anhydrase IX and CD10 reactivity readily differenti- 
ates between the two, 10?30730314 


Prognosis and Predictive Factors 


Staging 
Chromophobe renal cell carcinoma has a more favorable 
outcome than clear cell renal cell carcinoma with 5-year 
survival probability rates of 80% to 100% being repor 
ted.7781,82.287.290.322-324 These tumors are more likely to be 
organ confined than other types of renal cell carcinoma at 
diagnosis, but have also been reported as being of larger 
size at presentation.’”’”*’ Up to 97% of tumors are localized 
to the kidney at diagnosis, and in larger series, the distribu- 
tion of pT1, pT2, and pT3 tumors was 36% to 67%, 21% 
to 48%, and 11% to 29%, respectively.”**?8* There are lim- 
ited data relating stage to outcome, and it has been shown 
that there was no significant survival difference between 
pT1 + pT2 and pT3 + pT4 tumors. The presence of lymph 
node metastases (pN1) was, however, significantly associ- 
ated with outcome (Fig. 2-38). The presence of necrosis 
on histologic examination has also been correlated with 
survival.’8 

Extrarenal metastatic disease is a poor prognostic feature, 
with a reported median survival of 0.6 years.” In view of 
this, it is of significance that these tumors may metastasize at 
intervals >5 years after primary treatment, with pulmonary 
metastases 10 years after diagnosis being noted. 


Grading 

There are few validation studies for grading of chromophobe 
renal cell carcinoma due to the small number of cases avail- 
able for study. Some studies have reported Fuhrman grad- 
ing to correlate significantly with outcome?™?% while others 
have not.*”’ Using modified Fuhrman criteria that focused 
upon nuclear shape and nucleolar size, combined grades 
1 and 2 tumors were shown to have significantly better sur- 
vival, when compared to grade 3 and grade 4 tumors on uni- 
variate analysis.’ 

When each of the three components of the Fuhrman grad- 
ing system was tested independently, it was shown that none 
of these correlated with outcome.*”’ It was also shown that 
chromophobe nuclei are usually too small to satisfy Fuhrman 
grade 3 nuclear size criteria. Further, these tumors frequently 


to lymph node. 
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have a small nucleolus, which does not accord with the 
degree of nuclear pleomorphism these tumors usually exhibit, 
which may account for the wide variation in patient numbers 
assigned to each grade in various reported series. In view of 
these findings, it has been recommended that Fuhrman grad- 
ing is inappropriate for chromophobe renal carcinoma. 

Alternate grading schemes for chromophobe renal cell 
carcinoma have been proposed but have not been vali- 
dated.*?* In the absence of a reproducible and proven grading 
system for these tumors, the ISUP has recommended against 
grading chromophobe renal cell carcinoma.*” 


Other Features 

Sarcomatoid dedifferentiation of chromophobe renal cell 
carcinoma has a poor prognosis, with a reported 24-month 
survival rate of 25%.**° This is comparable to sarcomatoid 
dedifferentiation of other subtypes of renal parenchymal neo- 
plasia, where 24-month survival rate was found to be 29%. 


Prognosis and Treatment 


The management of chromophobe renal cell carcinoma is 
similar to that of clear cell renal cell carcinoma and is pri- 
marily surgical. For patients with metastatic disease, there 
are limited data regarding the efficacy of adjuvant therapy. 
In a small study, a response was noted in 3 of 12 patients 
treated with tyrosine kinase inhibitors, with a progression- 
free interval of 11 months.**° 


Collecting Duct Carcinoma 
Introduction 


While the first report of what is now recognized as collect- 
ing duct carcinoma was published in 1949,°*' it was not until 
1976 that it was suggested that tumors with atypical changes 
in the collecting duct epithelium were of collecting duct ori- 
gin.” In 1986, these tumors were recognized as a distinctive 
form of renal cell carcinoma.>” 


Epidemiology and Clinical Features 


Collecting duct carcinoma constitutes <1% of renal malig- 
nancies.’ These tumors occur within a wide patient age 
range with pediatric examples being recognized. They are 
most commonly seen in patients in their fourth to seventh 
decades (mean 55 years), with a male predominance of 
approximately 2:1.3534 

Patients with collecting duct carcinoma often present 
with advanced-stage disease. These tumors are often symp- 
tomatic at diagnosis with typical presenting features being 
hematuria, abdominal mass, intermittent flank or back pain, 
fatigue, pyrexia, and weight loss. In <25% of cases, the tumor 
is discovered as an incidental finding.” The frequency 
of symptoms at presentation reflects the rapid growth of the 
tumors and early metastatic spread, with one-third to one- 
half of patients having clinical evidence of metastases at the 
time of diagnosis.*4734534 


Pathology 


Gross Features 

While the collecting ducts are present in the cortex and the 
medulla, the gross pathologic finding of a tumor arising in 
the medulla, where most other components of the renal tubu- 
lar system are absent, is an important aid to the diagnosis.” 
Unfortunately, precise localization to the medulla is only 
possible with small tumors, and many tumors are too large at 
the time of resection for the specific site of origin within the 
kidney to be recognizable.**’ Typically, collecting duct carci- 
nomas are white to gray, with infiltrative borders and have a 
firm consistency on sectioning (Fig. 2-39). Confluent central 
necrosis of the tumor is common; however, hemorrhage is 
not usually seen macroscopically. These tumors may extend 
into the renal pelvis and on imaging studies, may mimic pel- 
vic urothelial carcinoma. 


Microscopic Features 

Characteristically, these are histopathologically distinc- 
tive carcinomas with features that may resemble a mixture 
of both adenocarcinoma and urothelial carcinoma.?5347-348 
Microscopic examination shows highly irregular tubules and 
duct-like structures, nests, and cords of cells in an abundant 
loose, slightly basophilic desmoplastic stroma, often con- 
taining a diffuse chronic active inflammatory cell infiltrate 
(Fig. 2-40).337-4° The carcinoma cells lining the lumens have 
small or moderate amounts of pale to eosinophilic cytoplasm 


Figure 2-39 E Collecting duct carcinoma. This gross photo- 
graph shows a highly infiltrative carcinoma central in the kidney, 
which invades the collecting system and perinephric fat while caus- 
ing early hydronephrosis. 
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Figure 2-40 E Collecting duct carcinoma. Irregular, even 
jagged, cords of carcinoma cells in a background of desmoplasia 
with inflammation is the typical architecture of collecting duct 
carcinoma. 


and nuclei that are pleomorphic, and have thick nuclear mem- 
branes. Prominent nucleoli are commonly seen and mitotic 
figures are frequently present. An especially useful feature, 
rarely found in renal cell carcinoma and not found in urothe- 
lial carcinoma, is the hobnail appearance sometimes present 
in the cells lining duct lumens. Some of the reported cases 
have a different pattern, consisting of papillary fronds cov- 
ered by cells with small amounts of cytoplasm, similar to the 
basophilic cell type of renal cell carcinoma.***44 Atypical 
epithelium in the medullary tubules adjacent to the carcinoma 
has been seen in some cases.***34748 Occasional foci of spin- 
dle cells may be present; however, if this is more than a rare 
occurrence, the tumor should be considered to be a sarcoma- 
toid carcinoma arising in a collecting duct carcinoma. Tumor 
architecture may be recapitulated in extrarenal metastases. 

Extracellular and intracellular mucin may be seen in col- 
lecting duct carcinoma, and histochemically this may be 
either neutral or acidic.>° 


Ancillary and Special Studies 

The immunohistochemical expression of collecting duct 
carcinoma reflects its origin from the collecting duct of 
the distal nephron.” These tumors stain strongly for 
cytokeratin 19, lectins (Ulex europaeus agglutinin-1, peanut 
lectin), e-cadherin, c-kit, and low molecular weight cyto- 
keratins. Expression of high molecular weight cytokeratin 
(34BE12) is seen in up to 50% of cases.*45°?3>4 The tumors 
express PAX2 and PAX8.**3*4 Vimentin reactivity is vari- 
able and usually weakly to moderately positive. There is 
also variable expression of Leu M1 and EMA. Expression 
of antigens associated with convoluted tubules (CD10, RCC 
antigen, and AMACR) is usually but not always negative. 
Expression of p63 has been reported to be positive in some 
cases, but this was in a series that included tumors with a 
minor urothelial carcinoma component in the collecting duct 
category.” 
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Genetics 

Genetic studies on collecting duct carcinoma to date have 
been inconclusive and only limited studies have been pub- 
lished. In three cases, there was monosomy of chromo- 
somes 1, 6, 14, 15, and 22, with loss of chromosomes 4 and 
18 in two patients.” Some question has, however, been 
raised regarding the diagnosis of some of these cases.*! In 
a further study, these tumors have shown trisomy for chro- 
mosomes 4, 7, 8, 17, and 20, and loss of chromosomes 14, 
18, and 22.*° Loss of heterozygosity for 8p and 13q has also 
been shown in collecting duct carcinoma.** 


Differential Diagnosis 


Awareness of the features of collecting duct carcinoma 
should establish the diagnosis in most cases. The differential 
diagnosis includes urothelial carcinoma with glandular 
differentiation, renal medullary carcinoma, high-grade 
papillary renal cell carcinoma, renal cell carcinoma of the 
hereditary leiomyomatosis and renal cell carcinoma syn- 
drome, and metastatic carcinoma (see Table 2-8). 

High-grade upper tract urothelial carcinoma may mimic 
the architecture of collecting duct carcinoma and is the most 
problematic differential diagnosis. In such cases, the pres- 
ence of atypical cells within the distal collecting ducts may 
represent direct extension of pelvic urothelial carcinoma. 
The presence of an identifiable urothelial component includ- 
ing urothelial carcinoma in situ within the renal pelvis indi- 
cates a diagnosis of urothelial carcinoma. PAX8 is positive 
in most collecting duct carcinomas and is negative in most 
but not all urothelial carcinomas of upper tract origin. PAX2 
is less specific as it is expressed in 20% of upper tract urothe- 
lial carcinomas. Urothelial carcinomas are often positive for 
cytokeratin 20 and low molecular weight cytokeratins, and 
negative for vimentin. Ulex europaeus agglutinin-1 expres- 
sion is considered typical for collecting duct carcinoma; 
however, this has also been demonstrated for high-grade 
urothelial carcinoma.’ 

Renal medullary carcinoma may mimic collecting duct 
carcinoma although it usually exhibits a sheet-like, yolk 
sac-like, or nested growth pattern. The presence of rhabdoid 
cells and a heavy neutrophilic infiltrate would favor med- 
ullary carcinoma. Medullary carcinoma also shows loss of 
INI1 expression though this has also been reported in a small 
percentage of collecting duct carcinomas. Patients with renal 
medullary carcinoma are usually <20 years of age and have 
sickle cell trait. High-grade papillary renal cell carcinoma 
with a tubulopapillary growth pattern may also resemble 
collecting duct carcinoma. Papillary renal cell carcinoma is 
usually positive for CD10, RCC antigen, and AMACR and 
is negative for high molecular weight cytokeratin (34BE12), 
Ulex europaeus agglutinin-1, and peanut lectin. Metastatic 
tumor is often multifocal and may show geographic necrosis. 
A previous history of extrarenal malignancy and appropriate 
clinical and immunohistochemical investigations are usually 
diagnostic. 
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Prognosis and Treatment 


Survival data from case reports and small case series show 
collecting duct carcinoma to be associated with a poor 
prognosis. Up to 40% of patients with collecting duct 
carcinoma have clinical evidence of metastatic disease at 
diagnosis, and most patients die within 1 to 3 years. The 
largest tumor series reported to date consists of a nationwide 
survey from Japan.’ In this series of 81 confirmed cases, 
65% of patients were symptomatic at diagnosis, 44% had 
lymph node metastases, and 32% had remote metastases. 
The 1-, 3-, and 10-year disease-specific survival of patients 
in this series was 69%, 45%, and 14%, respectively. 

Treatment of these tumors has been similar to the treat- 
ment for other renal cell carcinomas but with the more 
frequent use of chemotherapy including gemcitabine and 
cisplatin. Reports of response to multiple agent proto- 
cols including tyrosine kinase inhibitors have appeared in 
the literature,*°* although most studies have shown limited 
response to targeted therapies. 


Renal Medullary Carcinoma 
Introduction 


Renal medullary carcinoma was initially recognized from 
retrospective analysis of a series of renal carcinomas in 
younger patients, collected by the Armed Forces Institute of 
Pathology.*® In this series, all patients were black and had 
sickled erythrocytes on histologic examination. Since this 
original case study in 1995, nearly 200 cases of renal medul- 
lary carcinoma have been reported.*3°3” 


Epidemiology and Clinical Features 


The overwhelming majority of reported cases of renal med- 
ullary carcinoma have been in African Americans with a 
smaller proportion in those of Hispanic or Brazilian ori- 
gin.°” These tumors are rarely seen in Caucasians with fewer 
than 10 cases reported. 

Almost all patients have sickle cell trait or hemoglobin 
SC disease. The tumor has been reported in one patient with 
a normal blood profile.” The patients’ ages at diagnosis 
have ranged from 5 to 69 years with a mean of 19 years. 
There is a male predominance with a male to female ratio of 
2:1, although for patients <10 years of age, the ratio is 5:13” 

Virtually all patients are symptomatic at diagnosis with 
hematuria and flank or abdominal pain predominating. Other 
common presenting symptoms are abdominal mass, dysuria, 
and weight loss. 


Pathology 


Gross Features 

Renal medullary carcinomas are usually poorly circum- 
scribed ranging in size from 4 to 12 cm (mean 7 cm). Greater 
than 75% of tumors occur in the right kidney, and on sec- 
tioning, the tumor is frequently tan or gray-white and often 
shows extensive necrosis and hemorrhage. 


Figure 2-41 E Renal medullary carcinoma. Like collecting 
duct carcinoma, renal medullary carcinoma often consists of cords 
of carcinoma cells embedded in an inflamed desmoplastic stroma. 


Microscopic Features 

Renal medullary carcinomas are composed of cells exhib- 
iting marked nuclear pleomorphism, prominent nucleoli, 
and eosinophilic cytoplasm. Mitotic figures are common. 
The tumors usually consist of infiltrating sheets with poorly 
formed vacuoles. The tumor may also form cords, nests, 
microcysts, and tubular structures (Fig. 2-41). Sharply 
defined round empty spaces within cords or nests are com- 
mon and when numerous can impart a lacey appearance 
(Fig. 2-42). Pyknotic cells are sometimes seen within these 
holes, so it appears that they arise through a mechanism 
of individual cell necrosis. Carcinoma cells with rhabdoid 
morphology may be prominent (Fig. 2-43). There is usu- 
ally a pronounced desmoplastic reaction with an associated 
chronic active inflammatory cell infiltrate. Areas of necrosis 
are often present. There is sometimes a conspicuous retrac- 
tion artifact between the carcinoma and the surrounding 
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Figure 2-42 W Renal medullary carcinoma often shows 
sharp-edged holes in the cords and sometimes a retraction artifact 
at the border with the stroma. 
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Figure 2-43 E Renal medullary carcinoma. Rhabdoid morphol- 
ogy is commonly found in medullary carcinoma and can be prominent. 


stroma. Sickle cell erythrocytes are a frequent finding within 
the tumor and renal tissue. 


Ancillary and Special Studies 

The immunohistochemical expression profile of medullary 
carcinomahasbeenreported from several studies 3430061307372 
Medullary carcinomas frequently show diffuse positive 
reactions for cytokeratin AE1/AE3, low molecular weight 
cytokeratin, epithelial membrane antigen, vimentin, HIF, 
and VEGF. There is variable expression of cytokeratin 7, 
high molecular weight cytokeratin, CEA, Ulex europaeus, 
agglutinin-1, and TP53. Immunohistochemical reactions 
for HER2 (ERBB2) are negative. Immunohistochemistry 
with antibody to OCT4 is strongly positive in about 50% 
of cases.’ SMARCB1 is very frequently lost in medullary 
carcinoma of the kidney and can be detected by loss of INI1 
expression immunohistochemically.*” 

Electron microscopic findings are inconsistent. In some 
studies tumor cells have been shown to contain vesicles 
lined by long microvilli and prominent desmosomes, and 
condensed fibrillary electron-dense deposits have also been 
identified. Intracytoplasmic glycogen or lipids is not a fea- 
ture of these tumors.*°°! 


Genetics 

Genetic studies on renal medullary carcinoma are, to date, 
limited. The most common genetic abnormality is inactiva- 
tion of the SMARCB/ gene.*” In one case loss of chromo- 
some 22 has been noted, and in three cases FISH analysis 
showed amplification of the ABL gene, with no evidence 
of BCR-ABL translocation. Gene expression profiling has 
shown 487 genes to be expressed differently from that of 
other types of renal tumor, with expression most closely 
resembling that of urothelial carcinoma.*” 


Differential Diagnosis 


The main differential diagnosis for renal medullary car- 
cinoma is high-grade invasive urothelial carcinoma and 
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collecting duct carcinoma. Clinical evidence of sickle cell 
trait and young age at presentation are seen with renal med- 
ullary carcinoma, while the presence of in situ urothelial 
carcinoma and cytokeratin 20 positivity favors urothelial 
carcinoma. 

The infiltrative components of medullary carcinoma may 
form tubules resembling collecting duct carcinoma and this 
has been considered to be evidence that these two tumor 
types are related. Sickle cell trait is not associated with col- 
lecting duct carcinoma. The immunohistochemical profile 
of medullary carcinoma and collecting duct carcinoma has 
significant overlap limiting its value.*4° Loss of INI1 expres- 
sion would favor medullary carcinoma but can be seen in a 
small number of cases of collecting duct carcinoma. Loss of 
INI1 expression is also characteristic of rhabdoid tumor of 
the kidney, and the presence of rhabdoid-like cells in med- 
ullary carcinoma could lead to misdiagnosis. The presence 
of other patterns in medullary carcinoma should lead to the 
correct diagnosis. Collecting duct carcinoma is usually posi- 
tive for high molecular weight cytokeratin and Ulex euro- 
paeus agglutinin-1 and negative for CEA. 


Prognosis and Treatment 


These tumors have a poor prognosis with 95% of patients 
having metastatic disease at the time of diagnosis.*°? 303073 
In one series, survival ranged from | day to 68 weeks with 
a mean interval of 18 weeks. Three patients with organ- 
confined disease at presentation were alive at 9 months, 
2 years, and 8 years postnephrectomy.**” These are gener- 
ally treated as other renal carcinomas with no specific treat- 
ment of demonstrated efficacy. 


Translocation Carcinomas 
Introduction 


In recent years, a number of carcinomas showing distinc- 
tive features have been described, and in 1996, tumors of 
this type were characterized as showing Xp11.2 transloca- 
tion.” Since then, a family of renal carcinomas, which 
contains a variety of translocations involving Xp11.2, has 
been identified. All of these translocations have resulted in 
gene fusions involving TFE3,” and this family of carci- 
nomas was classified as Xp11 translocation carcinomas in 
the 2004 WHO Classification. Subsequently, carcinomas 
with a t(6;11) translocation, producing a fusion with TFEB 
transcription factor gene, have been identified.” TFEB and 
TFE3 are members of the MITF/TFE family of transcrip- 
tion factors and the tumors have a number of morphologic 
features in common. For this reason, it has been suggested 
that this group of tumors be designated M/TF/TFE family 
translocation carcinomas.’ 


Epidemiology and Clinical Features 


While carcinomas make up <5% of renal tumors in chil- 
dren, more than a third of pediatric renal carcinomas are 
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translocation carcinomas.**° These tumors also occur in 
adults, and in a recent large series of cases the mean patient 
age was 25 years. There is a female predominance with a 
female-to-male ratio of 2.5:1. In adult series, approxi- 
mately 1% of tumors are translocation carcinomas and an 
association with previous chemotherapy has been noted.**° 

A melanotic variant of Xp11 translocation carcinomas has 
been recently reported.**' Although the two genetically con- 
firmed cases in this study were reported in children, 19 addi- 
tional suggestive cases collected from the literature included 
tumors in adults, with patient ages ranging from 3 to 71 years. 

The typical presenting features of hematuria, flank pain, 
or abdominal pain are the most common presenting features 
for translocation carcinomas. As is common for other forms 
of renal cell neoplasia, approximately one-third of tumors 
are detected as incidental findings following imaging stud- 
ies. In some series almost half the patients presented with 
visceral or lymph node metastases.’ 


Pathology 


Gross Findings 

Translocation carcinomas are frequently large tumors at 
diagnosis, and recorded cases have ranged up to 20 cm in 
diameter, with the mean diameter of reported cases being 
approximately 7 cm.*’773” 

The cut surface of the tumors is similar to clear cell 
renal cell carcinoma usually being solid yellow-tan. Foci 
of hemorrhage and necrosis are common, and occasionally 
focal cystic degeneration is present. In early reports, it was 
noted that carcinomas with fusion of PRCC-TFE3 had a 
pronounced fibrous pseudocapsule*” with intramural dystro- 
phic calcification. Melanotic translocation cancers showing 
varying degrees of dark pigmentation on gross examination 
have been reported (Fig. 2-44). 


Microscopic Features 

Translocation carcinomas may exhibit a variety of morpho- 
logic patterns, most frequently being papillary, solid, alve- 
olar, or nested. A useful diagnostic feature is the presence 


2-44 E Translocation carcinoma. This melanotic 
Xp11 translocation cancer shows areas of brown color correspond- 
ing to melanin pigment. 


FIGURE 


populated by large cells with clear or eosinophilic cytoplasm are 
typical, as are the psammoma bodies and large calcifications. 


of papillae covered by clear cells with voluminous cyto- 
plasm, although eosinophilic tumor cells may also be pres- 
ent (Fig. 2-45). 

The nuclei may show some variability in size and are 
generally large with a prominent eosinophilic nucleolus. 
Eosinophilic hyaline droplets, psammoma bodies, and large 
calcifications may also be present. Focal necrosis is a com- 
mon feature, and rarely there may be a lymphocytic infiltrate 
or aggregates of foamy macrophages.377378382383 

Subtle morphologic variations have been described 
in some of the carcinomas showing Xp11 translocations. 
Tumors with the ASPL-TFE3 fusion are predominantly 
nested with pseudopapillary architecture, and foam cells are 
not a feature, although psammoma bodies may be present.?® 
Carcinomas with the PRCC-TFE3 fusion usually show a 
papillary or alveolar architecture. Foam cells and more 
rarely psammoma bodies may be seen, and there is often 
focal tumor necrosis.377>* 

TFEB translocation carcinomas were originally described 
as showing a biphasic growth pattern with sheets of large 
cells having abundant eosinophilic cytoplasm and aggre- 
gates of small cells, which focally form rosette-like struc- 
tures that surround eosinophilic hyaline nodules of basement 
membrane-like material (Fig. 2-46).5” It is now recognized 
that this architecture may also be present in TFE3 tumors.>*° 

The melanotic variant of Xp11 translocation carcinoma 
consists of nests and sheets of epithelioid cells, with clear 
to finely granular cytoplasm and varying amounts of cyto- 
plasmic pigmentation showing positive staining for melanin 
(Fig. 2-47). The nuclei are rather spherical with inconspicu- 
ous nucleoli.**! 


Ancillary and Special Studies 

These tumors are typically positive for CD10, AMACR, 
E-cadherin, and RCC antigen, and are negative for EMA 
and cytokeratin 7. There is variable vimentin expression, and 
other cytokeratins are either negative or weakly positive.’ 
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Figure 2-46 W Translocation carcinoma. Small cells with 
deeply basophilic nuclei forming rosette-like structures are typical 
of those with TFEB mutation. 


Carbonic anhydrase IX is expressed in about 50% of cases 
as is PAX8. Melanocytic markers (melan-A, HMB45) are 
positive in a few TFE3-associated tumors and are more often 
expressed by TFEB-associated tumors. Cathepsin K immu- 
nostaining is positive in up to 50% of cases. Specific staining 
for TFE3 protein shows nuclear positivity in >80% of TFE3 
translocation carcinomas (Fig. 2-48),*77”°*4 while a positive 
nuclear immunohistochemical reaction for TFEB protein is 
a feature of tumors showing this translocation.’ The cores 
of the rosette-like structures contain collagen type IV 
(Fig. 2-49A and B). Melanotic translocation cancers show 
positive immunohistochemical reactions for TFE3 protein, 
and limited studies have shown these tumors to also be posi- 
tive for HMB45 and melan-A. They are rarely positive for 
S-100 protein, and negative for cytokeratins, EMA, CD10, 
and RCC antigen.**! 

Ultrastructural studies of most TFE3 carcinomas show fea- 
tures similar to clear cell renal cell carcinoma. ASPL-TFE3 
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Figure 2-47 EŒ Melanotic Xp11 cancer. Polygonal epithelioid 
cells form nests. Some of the cells contain melanin pigment. 
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Figure 2-48 W Translocation carcinoma. Antibody to TFE3 


gives a strongly positive reaction in the nuclei of most of the neo- 
plastic cells. 
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tumors usually contain membrane-bound granules and 
rhomboid crystals within the cytoplasm.** Ultrastructurally, 
the melanotic translocation tumors contain type 2 and type 
3 premelanosomes, with no evidence of epithelial or muscle 
differentiation. 


Genetics 

FISH and PCR studies show the presence of translocations 
typical of this tumor group. Melanotic translocation carci- 
nomas have been shown to exhibit TFE3 gene fusion. FISH 
analysis has demonstrated both balanced and unbalanced 
TFE3 gene rearrangement, while ASPL was not the fusion 
partner.**! 


Differential Diagnosis 


Translocation carcinoma must be differentiated from clear cell 
renal cell carcinoma, clear cell papillary renal cell carcinoma, 
and papillary renal cell carcinoma, especially for pediatric 
cases. The histologic features of the tumor are often character- 
istic, while staining for transcription factors, or molecular or 
genetic studies are usually diagnostic (see Tables 2-5 and 2-8). 
With the ever-expanding morphologic spectrum for transloca- 
tion carcinoma, we include this entity in the differential diag- 
nosis of the majority of unclassified renal cell carcinomas. 


Prognosis and Treatment 


TFE3 tumors show a high proportion of lymph node or visceral 
metastases. Despite this it appears that translocation carcino- 
mas have an indolent clinical course, with late recurrences more 
than three decades after nephrectomy being reported.?7379386:387 
Although limited numbers of cases have been studied, the 
tumor-related death rate in one series was 14% over a follow- 
up interval of 11 to 81 months. A repeat study has provided 
further evidence that high-stage TFE3 tumors have a pro- 
longed disease-free interval over a mean follow-up period of 
6 years.” Although tumor-related deaths have been reported 
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ae ; # 
Figure 2-49 E A: Translocation carcinoma. At higher magnification, the rosette-like structures are seen to contain acellular eosin- 
ophilic deposits surrounded by a wreath of cells with eosinophilic cytoplasm and with the nuclei close to the basement membrane. 
B: Immunohistochemistry demonstrates the presence of collagen IV in the central eosinophilic nodules. 
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for TFEB and melanocytic TFE3 carcinomas, there are insuf- 
ficient cases with follow-up to provide an accurate assessment 
of the prognosis associated with those tumors.*”"*! 


Postneuroblastoma Carcinoma 
Epidemiology and Clinical Features 


Medeiros et al. published an account of four survivors of 
neuroblastoma who had histologically distinctive renal 
tumors and suggested that they constituted a distinct clini- 
copathologic entity; subsequently, another series of simi- 
lar tumors in neuroblastoma survivors was published.**°3”° 
Postneuroblastoma renal cell carcinoma was included as a 
distinctive entity in the 2004 World Health Organization 
consensus conference on the classification of renal neo- 
plasms.° Details of more than 20 cases of postneuroblastoma 
renal cell carcinoma have been reported.*”°*"! 

The tumors occurred in patients who were diagnosed 
with neuroblastoma within the first 2 years of life (mean age 
13 months). The patients’ ages at the time of diagnosis of 
renal carcinoma ranged from 3 to 36 years (mean 20 years) 
with a slight female predominance (60%). The shortest 
interval between the diagnosis of neuroblastoma and subse- 
quent renal carcinoma was 3 years, while the longest interval 
was 35 years. In two cases, patients developed second renal 
carcinomas, each 2 years after the diagnosis of the first renal 
tumor.*” Pooled data from the Childhood Cancer Survivor 
Study showed that survivors of neuroblastoma had a 329- 
fold increased risk of developing renal carcinoma.*”” 

Although the majority of neuroblastoma survivors with 
renal cell carcinoma had received radiation or chemotherapy, 
two patients received no adjuvant therapy for their neuro- 
blastomas.****"° There is also evidence that the development 
of these renal carcinomas is not confined to patients with 
neuroblastoma as a similar tumor was noted in a child who 
had received chemotherapy for cardiac leiomyosarcoma.*”’ 
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Presenting features for postneuroblastoma carcinoma are 
varied. The majority of patients were asymptomatic while 
abdominal and back pain, abdominal mass, and hypertension 
have been reported.*?!°"4 


Pathology 


Gross Features 

Limited gross findings have been reported. Tumors were 
bilateral and multifocal in four cases and ranged in size from 
3.5 to 8 cm. Two tumors showed involvement of the renal 
capsule, renal vessels, and renal sinus lymphatic vessels.**°*! 


Microscopic Features 

Postneuroblastoma carcinoma consists of cells frequently 
showing abundant eosinophilic cytoplasm reminiscent of 
oncocytoma. Solid and papillary growth patterns may be 
present. Aggregates of foamy macrophage and psammoma 
bodies are occasionally seen. The nuclei of tumor cells are 
often irregular with a moderate degree of pleomorphism. 
Nucleoli are readily seen, and mitoses are often present 
but not plentiful. One tumor was reported as showing high 
nuclear grade and with extensive parenchymal infiltration.**” 


Ancillary and Special Studies 
Studies of the immunohistochemical phenotype of these 
tumors are limited. Tumors reported to date showed positiv- 
ity for cytokeratin (CAM 5.2), EMA, and vimentin. There 
was less frequent positivity for CK19 and CK20, while 
stains for CK7, S-100 protein, and HMB45 were negative.** 
To date, no ultrastructural or genetic studies have been 
reported. 


Differential Diagnosis 


Although postneuroblastoma carcinoma has a characteristic 
morphology, the tumors show some resemblance to oncocy- 
toma, chromophobe renal cell carcinoma, and type 2 papillary 
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renal cell carcinoma. Papillary growth is not seen in oncocy- 
toma and the presence of aggregates of foamy macrophages 
are not features of either oncocytoma or chromophobe renal 
cell carcinoma. Postneuroblastoma carcinoma lacks perinu- 
clear halos associated with classic chromophobe cells. 

While postneuroblastoma carcinoma may contain papillary 
areas, unlike type 2 papillary renal cell carcinoma, areas show- 
ing a solid or compacted nested pattern are usually present. The 
clinical features of postneuroblastoma, even in the absence of 
a confirmed past history of neuroblastoma, may also assist in 
diagnosis as these tumors occur in younger patients. 


Prognosis and Treatment 


Data are too limited to allow specific comment on specific 
prognostic factors for this tumor type. Of 14 cases for which 
follow-up was available, two patients died of tumor-related 
causes, two were alive with active disease, and seven were 
alive and well 12 months to 8 years following diagnosis of 
their renal tumors.***3** There is no specific treatment for 
these rare tumors. 


Mucinous Tubular and Spindle Cell Carcinoma 
Introduction 


Histologically, distinctive renal neoplasms composed of 
cuboidal and spindle cells with mucinous extracellular 
matrix have been described in reports of single cases and in 
small series since 1998. In early reports, these tumors were 
known by a variety of terms that include low-grade collect- 
ing carcinoma,” low-grade tubular mucinous renal neo- 
plasm,” and spindle and cuboidal renal cell carcinoma.” 
In these studies, emphasis was placed on the apparent low 
nuclear grade of these tumors, despite the presence of a spin- 
dle cell morphology. At the World Health Organization con- 
sensus conference in December 2002, the diagnostic phrase 
“mucinous tubular and spindle cell carcinoma” was adopted’ 
reflecting the histologic features of these tumors. 


Epidemiology and Clinical Features 


Approximately 100 cases of mucinous tubular and spindle 
cell carcinoma have been reported to date, including several 
large series having typical and atypical morphology.***” 
The mean age at presentation is approximately 50 years. The 
tumors are more common in females with a female-to-male 
ratio of 4:1. In one series, more than four cases was associ- 
ated with nephrolithiasis.*°’ Despite a wide range of reported 
tumor sizes, most tumors are asymptomatic at presentation 
and are discovered as incidental findings. 


Pathology 


Gross Features 

Tumors range in size up to 18 cm in diameter and are usually 
well circumscribed. The cut surface is usually tan-brown to 
pink although in some studies cut surfaces has been described 
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Strands of spindle cells form tubules with narrow lumens in a back- 
ground of extracellular mucinous material. 


as gray to white, tan, and yellow to pinkish. Tumors are often 
cortical, being localized to the kidney, although localized 
medullary tumors have also been described. Macroscopic 
necrosis and hemorrhage has rarely been reported, and most 
tumors have a homogeneous appearance. 


Microscopic Features 

Mucinous tubular and spindle cell carcinoma usually has a char- 
acteristic morphology and is readily recognizable. The tumors 
consist of cuboidal cells arranged in long cords and tubules set 
in a loose and often myxoid or basophilic mucinous stroma 
(Fig. 2-50). In some areas, the cords appear collapsed, and here 
the tumor has a spindle cell appearance. The spindle cell compo- 
nent of the tumor may form sheets and the tumor may resemble 
a leiomyoma. The nuclei are usually spherical to ovoid and are 
of low nuclear grade, with a few small chromatin clumps and 
small nucleoli. Mitotic figures are rarely seen. Occasionally, 
tumor nuclei may show focal high nuclear grade, and recently 
tumors with sarcomatoid change have been reported.*°!“" 

The mucinous background material may dominate focally 
and the epithelial elements form small cords in lakes of mucin 
(Fig. 2-51). This mucin reacts strongly with alcian blue and 
may be weakly positive for mucicarmine. Plasma cells, mast 
cells, clusters of foamy histiocytes, and psammoma bodies 
are occasionally present (Fig. 2-52).3°°4* Atypical forms of 
mucinous tubular and spindle cell carcinoma have recently 
been described.*” In these tumors there were focal papillae, 
absence of mucinous stromal material, clear cells, onco- 
cytes, and cellular vacuolation. Areas of neuroendocrine 
differentiation in mucinous tubular and spindle carcinoma 
have also been described, and this has been confirmed by 
ultrastructural studies.“” 


Ancillary and Special Studies 

The immunohistochemical phenotype of mucinous tubular 
and spindle cell carcinoma varies between series. Tumors 
are usually positive for low molecular weight cytokeratin 
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Figure 2-51 Œ Mucinous tubular and spindle cell carcinoma. 
Parallel arrays of elongate cells form long tubules with empty-look- 
ing lumens in a background of extracellular mucinous material. 


(CAM 5.2), cytokeratin 7, and AMACR, and are usually nega- 
tive for high molecular weight cytokeratin (CK 20 and 34BE12), 
CD10, RCC antigen, and Ulex europaeus agglutinin-1. There 
is variable expression for CD 15.2138 398403405406 In foci show- 
ing neuroendocrine differentiation, cells are positive for synap- 
tophysin, chromogranin, and neuron-specific enolase.“ 


Genetics 

It has been suggested that mucinous tubular and spindle cell 
carcinomas are related to papillary renal cell carcinomas 
on the basis of an overlap in immunohistochemical expres- 
sion.”°'=” In spite of this, the typical genetic features of 
papillary renal cell carcinoma were not demonstrated in the 
largest genetic study to be undertaken to date.*”’ Extensive 
losses of chromosomes have been shown in genetic studies, 
including loss of chromosomes 1, 4, 6, 8, 9, 13, 14, 15, 18, 
and 22 396-398,407,408 
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Figure 2-52 E Mucinous tubular and spindle cell carcinoma. 
In some tumors, there are areas consisting of sheets of spindle cells 
without lumens or mucin. Infiltrates of foamy macrophages and 


plasma cells are common in these tumors. 


Differential Diagnosis 


Mucinous tubular and spindle cell carcinomas are usually 
readily recognizable and the major differential diagnosis is 
type | papillary renal cell carcinoma. This is compounded 
by an overlap of immunohistochemical expression and the 
recent description of five cases of papillary renal cell car- 
cinoma with low-grade spindle cell foci.“ These spindle 
cell papillary renal cell carcinomas usually show typical 
papillary areas, at least focally, and unlike mucinous tubular 
and spindle cell carcinomas exhibit a male predominance. 
Additionally, mucinous tubular and spindle cell carcinomas 
are usually CD10 negative and genetic studies may also 
assist in differentiating between these two tumor types. 

It is likely that in the past these tumors have been misdi- 
agnosed as renal cell carcinoma showing sarcomatoid fea- 
tures; however, the presence of bland nuclear features and a 
low mitotic rate should exclude this extreme form of tumor 
differentiation. In mucin-poor tumors, where the spindle 
cell component predominates, there is some resemblance 
to tumors of smooth muscle origin. In such cases, negative 
staining for smooth muscle markers and cytokeratin positiv- 
ity will lead to the correct diagnosis. 


Prognosis and Treatment 


In earlier studies, these tumors were considered to follow a 
benign course, and the vast majority of cases reported to date 
have behaved in a low-grade fashion. Regional lymph node 
involvement has been described in a few cases, and in one 
patient multiple intra-abdominal recurrences were seen.’ 
Metastases have been reported in two out of five cases 
where the tumor showed sarcomatoid differentiation.*°' 4° 
Metastases to the liver and retroperitoneal lymph nodes have 
also been seen in a single tumor that showed typical features 
of mucinous tubular and spindle cell carcinoma. There is no 
specific treatment for these tumors. 


Tubulocystic Renal Carcinoma 
Introduction 


Tubulocystic carcinoma is a recently recognized form of renal 
neoplasia that was not included in the 2004 World Health 
Organization classification. The tumor was first described by 
Masson as “Bellinian epithelioma” in 1970 and was classi- 
fied as a low-grade collecting duct carcinoma in Series III 
Armed Forces Institute of Pathology fascicle on tumors of 
the kidney.*!! In 2004, the term tubulocystic carcinoma was 
proposed by an international collaborative group, and to date 
three series have detailed the features of 55 tumors.*!74"4 


Epidemiology and Clinical Features 


Tubulocystic carcinoma shows a strong gender association 
with the male to female ratio being 7:1. Age at diagnosis is 
similar to other forms of adult renal cell carcinoma with ages 
ranging from 30 to 94 years.*!?4"4 
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Figure 2-53 W Tubulocystic renal carcinoma. The tumor is 
composed of small and medium-sized cysts that contain clear fluid. 


Patients are often asymptomatic at diagnosis although 
abdominal pain and distension, and hematuria have been 
reported. Tumors are more frequently left sided and radio- 
logically often have the appearances of a cystic lesion.*!34!4 


Pathology 


Gross Features 

Tubulocystic carcinoma is usually well circumscribed within 
an investing pseudocapsule, although multifocal examples have 
been reported. Tumors range in size from 0.5 to 17 cm (mean 
4 cm) and have a white to gray spongy cut surface, which has 
been described as resembling cut bubble wrap (Fig. 2-53).*° 


Microscopic Features 

Tubulocystic carcinoma consists of cysts and tubules within 
a bland connective tissue stroma (Fig. 2-54). The stroma can 
be relatively inconspicuous; however, the amount of stroma 
may vary within different parts of individual tumors. The 


Figure 2-54 E Tubulocystic renal carcinoma. Microscopic and 
larger cysts of generally spherical shape are separated by thin septa. 


Figure 2-55 W Tubulocystic renal carcinoma. The cysts are 
lined by a single layer of cuboidal cells, which often have apical 
blebs or “snouts” of cytoplasm. Nucleoli are often prominent. 


cysts are lined by cuboidal cells, which often have a hob- 
nail appearance (Fig. 2-55). There is usually a moderate to 
marked degree of nuclear pleomorphism, and frequently a 
conspicuous nucleolus is present. Solid areas or desmoplas- 
tic stroma is not a feature of tubulocystic carcinoma. The 
tumors may occasionally contain foci of clear cells or papil- 
lae, and the coexistence of renal adenomas or papillary renal 
cell carcinomas has been reported.*"* 


Ancillary and Special Studies 
Immunohistochemistry usually shows positive reactions for 
cytokeratins 8, 18, and 19, CD10, AMACR, and parvalbu- 
min, while cytokeratin 7 expression is usually focal.*!74" 
Electron microscopy shows the neoplastic cells to resem- 
ble the epithelium of the proximal convoluted tubule with 
abundant microvilli. Cells reminiscent of the intercalated 
cells of collecting ducts, with short scanty microvilli and 
complex cytoplasmic interdigitation are also seen. 


Genetics 

Gene expression studies show some similarity between tubu- 
locystic carcinoma and papillary renal cell carcinoma and 
this is supported by the finding of trisomy 7 and 17 in tubu- 
locystic carcinoma.?4'5 


Differential Diagnosis 


Tumors that have a cystic growth pattern feature in the dif- 
ferential diagnosis for tubulocystic carcinoma (see Box 2-4). 
The lining cells of cystic nephroma often have a hobnail 
appearance and are often of low nuclear grade. The stroma in 
cystic nephroma is often cellular and may resemble ovarian 
stroma. Mixed epithelial and stromal tumor of kidney shows 
a more diverse morphology and usually has solid and cellu- 
lar stroma. Multilocular cystic clear cell renal cell carcinoma 
is composed of clear cells, rather than cells with eosinophilic 
or amphophilic cytoplasm. These are of low nuclear grade 
and tumor cells are present within cyst walls. 
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Prognosis and Treatment 


The biologic behavior of tubulocystic carcinoma is not 
fully established. In two recent studies follow-up was 
available for 30 out of 44 cases and this ranged from 1 to 
104 months (mean 56 months).*°+"* Thirty-three tumors were 
staging category pT1 at diagnosis while three patients were 
pT3. One patient developed a local recurrence, while two 
developed metastases. A further patient developed metasta- 
ses from a coexisting papillary renal cell carcinoma, while 
the remaining patients were either free of tumor or had died 
of unrelated causes. It is of interest that both patients who 
developed metastatic disease had focal cytoplasmic clearing 
of tumor cells in the primary malignancy. A single tubulocys- 
tic carcinoma with sarcomatoid change has been reported.*"® 
This patient developed metastases to bone and peritoneum. 
There is no specific treatment for tubulocystic carcinoma. 


Clear Cell Papillary Renal Cell Carcinoma 
Introduction 


In 2006, Tickoo et al.”? discovered a tumor with papillary 
architecture and abundant clear cytoplasm in a population of 
patients with end-stage renal disease and applied the name 
clear cell papillary renal cell carcinoma to them. In 2008, 
Gobbo et al.” reported examples from patients with nor- 
mal renal function. Subsequently, studies reporting approxi- 
mately 100 more cases have been published, clarifying 
aspects of the clinical, morphologic, immunophenotypic, 
and genetic features of these neoplasms.*!7 7! 


Epidemiology and Clinical Features 


A little <100 cases of clear cell papillary renal cell carci- 
noma have been reported to date. For cases for which data 
were available, there was a male predominance (male-to- 
female ratio of 2-4:1) and all have been found in adults rang- 
ing in age from the third to tenth decades, with a mean age 
of approximately 60 years. The majority of patients have had 
normal renal function. 


Pathology 


Gross Features 

Clear cell papillary renal cell carcinomas are usually of 
small size at presentation, with reported sizes ranging up to 
8.5 cm in maximum diameter. The majority of tumors are 
cystic, with the cysts often containing serosanguinous fluid 
(Fig. 2-56). There is often a thick fibrous pseudocapsule, and 
sometimes the largest cysts are at the periphery of the tumor 
adjacent to the pseudocapsule (Fig. 2-57). 


Microscopic Features 

An acinar or glandular architecture usually predominates in 
these tumors. Papillae are present in approximately 80% of 
cases, although they often constitute only a minor compo- 
nent.*!” The papillae usually differ in architecture from those 
of papillary renal cell carcinoma types | and 2, and from the 
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Figure 2-56 E Clear cell papillary renal cell carcinoma. The 
tumor is solid and cystic and surrounded by a pseudocapsule. 


papillae of translocation carcinomas. The papillae are less 
complex, and the cores are thicker and the stroma within 
them often is cellular (Fig. 2-58). Additionally, sometimes 
stubby secondary papillae branch off the primary papillae. 
This architecture is distinctive, and when present, is strong 
evidence that the tumor is a clear cell papillary renal cell 
carcinoma. Nests of cells with clear cytoplasm and delicate 
vasculature closely resembling ordinary clear cell renal cell 
carcinoma (Fig. 2-59) are common and in a needle biopsy 
could easily be diagnosed as ordinary clear cell renal cell 
carcinoma. The cytoplasm is abundant and usually very 
clear. On papillae, it is sometimes so voluminous that the 
apical cytoplasm of the cells on one papilla touches that of 
the cells on an opposite papilla, creating a broad clear band 
between the wide cores. Uncommonly, the cytoplasm is 
weakly eosinophilic. The nuclei of the epithelial cells show 


Figure 2-57 W Clear cell papillary renal cell carcinoma. 
There are multiple cysts and solid nodules. The cysts often are not 
spherical, and the solid nodules tend to be located away from the 
periphery of the mass. 
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When present, a highly specific feature is the peculiar papillary 
architecture with thick and cellular stromal cores and bulbous ends. 
The clear cytoplasm of the epithelial cells is sometimes so volumi- 
nous as to abut the cytoplasm of the cells on the opposite papilla. 


little pleomorphism and mitotic figures are difficult to find. 
It is common for the nuclei to be high in the cytoplasm, away 
from the basement membrane resulting in a pattern that has 
been likened to secretory phase endometrium. Psammoma 
bodies and foamy macrophages are not found in these 
tumors. The stroma of the papillary stalks and between the 
epithelial elements is more abundant and more cellular than 
is expected in an ordinary clear cell renal cell carcinoma, 
and this can be a helpful clue to the nature of the tumor. 
The cells are mostly nondescript spindle cells but sometimes 
show smooth muscle differentiation. 


Ancillary and Special Studies 
The epithelial elements usually show an immunophenotypic 
profile that distinguishes them from papillary renal cell 
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Figure 2-59 W Clear cell papillary renal cell carcinoma. 
Small cysts lined by clear cells resemble clear cell renal cell carci- 
noma. However, the small papillae and vascular architecture differ 


from clear cell renal cell carcinoma. 


carcinoma and clear cell renal cell carcinoma. A diffuse and 
strongly positive reaction with antibody to cytokeratin 7 is 
typical (Fig. 2-60A), while reactions for alpha-methylacyl 
CoA racemase and CD10 are consistently negative. Less 
helpful, but occasionally useful are the positive reactions for 
carbonic anhydrase IX (Fig. 2-60B) and vimentin and nega- 
tive reactions for TFE3, which are typical of clear cell papil- 
lary renal cell carcinoma. 


Genetics 

While genetic studies on these tumors are limited it is becom- 
ing clear that they lack the gains of chromosomes 7 and 
17 typical of papillary renal cell carcinomas, nor do they have 
the mutations in the VHL gene or losses in chromosome 3p25 
that are characteristic of clear cell renal cell carcinomas.” 


B: The neoplastic cells react strongly positively with antibody to carbonic anhydrase IX. 
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Prognosis and Treatment 


Although the diagnosis of carcinoma is applied to them, all 
tumors described to date were localized to the kidney at the 
time of diagnosis and no recurrence or metastasis has been 
reported.*!74" 


Acquired Cystic Disease—Associated Renal 
Cell Carcinoma 


Epidemiology and Clinical Features 


There is an increased prevalence of renal cell carcinoma 
in patients with end-stage renal disease. From 852 patients 
studied prospectively from 1994 to 2000, 19 had clinical 
evidence of renal neoplasia.*? Seventeen of these patients 
underwent nephrectomy, with fourteen being subsequently 
diagnosed with renal cell carcinoma, giving a prevalence 
of 2%. This compared with a renal cancer incidence of 
0.04% for the general population. The incidence of neopla- 
sia appears to be further increased in patients with acquired 
cystic disease, which is usually associated with dialysis.” In 
a multinational study of 831 patients, there was an increased 
risk factor for renal neoplasia of 3.6 in patients who were on 
maintenance dialysis.” 

The spectrum of renal tumors associated with end-stage 
renal disease is wide, and in single cases and small series, 
clear cell renal cell carcinomas, papillary renal cell carci- 
nomas, chromophobe renal cell carcinoma, collecting duct 
carcinoma, tubulocystic carcinoma, clear cell papillary renal 
cell carcinoma, angiomyolipoma, oncocytoma, and mixed 
epithelial and stromal tumor have been reported.73*474> In 
up to 70% of cases, more than one tumor was present in a 
single kidney.“ In a detailed study of 66 tumor-bearing kid- 
neys from patients with end-stage renal disease, a wide vari- 
ety of renal neoplasia was noted.”* In total, 261 tumors were 
examined with 55% of kidneys containing >1 tumor in each 
kidney ranging from 0.6 to 8.5 cm (mean 3.0 cm, median 
2.6 cm). Of the recognized types of renal cell carcinoma, pap- 
illary renal cell carcinomas were most frequently encountered 
(18%), whereas 23% were clear cell renal cell carcinoma or 
chromophobe renal carcinoma. Sarcomatoid differentiation 
has been reported in association with these tumors.’ 

The majority of tumors associated with end-stage renal 
disease are discovered incidentally, either through imaging 
studies or the examination of nephrectomy specimens. Very 
occasionally hematuria is a presenting feature. #3424426 

Additional to sporadically occurring forms of renal neo- 
plasia, a novel tumor type associated with end-stage renal 
failure has been described.” Designated acquired cystic 
disease—associated renal cell carcinoma, these tumors are 
seen in 46% of kidneys with acquired cystic disease. 


Pathology 


Gross Features 
These tumors are usually well circumscribed and where 
large, show pseudoencapsulation, often with dystrophic 


carcinoma. In this area, the neoplastic cells grow as sheets of cells 
with abundant eosinophilic cytoplasm. There are urate crystals in 
the extracellular compartment and some of these have attracted 
multinucleated phagocytes. 


calcification. The tumors can be seen partially filling cysts. 
In cases of acquired cystic disease, cysts containing appar- 
ent hemorrhage or blood clot should be sampled as this may 
rather be an acquired cystic disease—associated renal cell 
carcinoma. 


Microscopic Features 
Microscopically, there are a variety of architectural patterns 
ranging from solid (Fig. 2-61) and acinar to cystic and papil- 
lary. Frequently the presence of irregular lumens gives the 
tumor a cribriform or sieve-like appearance (Fig. 2-62). In 
67% of reported cases, the tumor appeared to arise in a cyst. 
The tumor cells contain bulky eosinophilic cytoplasm 
with a rounded nucleus and large nucleolus. Occasional 
cells have vacuolated cytoplasm, and focally clear cells 


Figure 2-62 E Acquired cystic disease—associated renal cell 
carcinoma. The cribriform pattern of empty spaces is a characteris- 
tic feature of these tumors. 
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are present. Oxalate crystals are present in the majority of 
tumors (Fig. 2-61), and calcium aggregates, rarely forming 
psammoma bodies, are also seen. 


Ancillary and Special Studies 

These tumors are positive for vinculin and AMACR on 
immunohistochemical examination, and in a proportion of 
cases show variable and predominantly focal staining for 
cytokeratin 7 and parvalbumin. These tumors have also been 
shown to have positive immunohistochemical reactions for 
cytokeratin AE1/AE3, RCC antigen and CD10, and variable 
expression for vimentin and CAM 5.2. Staining for EMA 
and high molecular weight cytokeratin is negative.*7°*” 


Genetics 

Genetic studies on the various types of renal cell carcinoma 
associated with end-stage kidneys are limited; however, 
clear cell renal cell carcinomas arising in these kidneys 
have shown VHL gene mutations.*”***° Genetic analysis of 
acquired cystic disease—associated renal cell carcinoma 
shows gains of chromosomes 7 and 17.**' FISH analysis has 
also shown gains of chromosomes 1, 2, 3, 6, 16, and Y in 
several cases, with additional gains of chromosomes 1, 5, 11, 
12, and X being occasionally seen.” Mutations of the VHL 
gene have not been identified in these tumors.*” 


Differential Diagnosis 


The presence of papillary architecture may suggest the pos- 
sibility of papillary renal cell carcinoma; however, the solid 
areas with the sieve-like architecture would not be compat- 
ible with that diagnosis. The presence of solid and papillary 
architectures could also suggest collecting duct carcinoma 
or renal cell carcinoma associated with the hereditary leio- 
myomatosis and renal cell carcinoma syndrome. In collect- 
ing duct carcinoma, the tumor has a more infiltrative growth 
pattern with stromal desmoplasia. The latter is also a feature 
of tumors in the hereditary leiomyomatosis and renal cell 
carcinoma syndrome. 


Prognosis and Treatment 


Outcome data for acquired cystic disease—associated renal 
cell carcinoma are limited with one death from metastatic 
disease, 34 months following diagnosis, being reported. 
In two other cases, regional lymph node metastases were 
seen.” Treatment is as for other renal cell carcinomas. 


Thyroid-Like Follicular Renal Cell Carcinoma 
Epidemiology and Clinical Features 


Recently, a few cases of a primary renal tumor resembling 
follicular carcinoma of the thyroid have been reported aris- 
ing in the kidney.**“%’ The tumors reported to date were 
from seven women and four men with an age range of 29 to 
83 years (median 41 years) and almost half of the patients 
were in the age range of 29 to 35 years. All tumors were inci- 
dental findings, and three patients had a history of unrelated 
malignancy (breast and colonic carcinoma, Hodgkin disease). 
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Pathology 


Gross Features 
Tumors ranged in size from 2 to 12 cm (median 4 cm) and 
were tan on cut surface. One tumor invaded perirenal fat. 


Microscopic Features 

Thyroid like follicular renal cell carcinoma has a follicular 
architecture with varying proportions of large and small folli- 
cles (Fig. 2-63). The follicles are lined by cuboidal to colum- 
nar cells showing low-grade nuclear pleomorphism with 
eosinophilic to amphophilic cytoplasm. Pseudoinclusions 
and nuclear grooves may be present, and follicles frequently 
contain colloid-like proteinaceous fluid. No areas of papil- 
lary architecture or clear cells have been reported. 


Ancillary and Special Studies 

Immunohistochemical studies are somewhat limited. All 
reported cases were negative for TTF1 and thyroglobulin. 
All of the six tumors studied by Amin et al. were negative 
for PAX2, while the tumor reported by Dhillon et al.*°° was 
positive for PAX2 and PAX8. 


Genetics 

Genetic studies have shown gains of 8q24, 12, and 16 and 
loss of 1p36.3 and 9q21.33 for one tumor.“ Gene expression 
profiling of three cases showed widespread underexpression 
or overexpression, particularly involving chromosomes 1, 2, 
3, 5, 6, 10, 11, 16, and 17.4% 


Differential Diagnosis 


Metastasis from primary thyroid follicular carcinoma is the 
principal differential diagnosis for thyroid-like follicular 
renal cell carcinoma. A positive reaction for TTF1 or thy- 
roglobulin strongly supports that diagnosis. 


Prognosis and Treatment 


Follow-up data are limited. One patient had metastases to 
regional lymph nodes and another had metastases to regional 
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Figure 2-63 W Thyroid-like follicular renal cell carcinoma. 
These carcinomas form structures closely resembling colloid-filled 
thyroid follicles. 
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lymph nodes and lungs. Treatment would be as for other 
types of renal cell carcinoma. 


Renal Angiomyoadenomatous Tumor 


In 2000, Michal et al.*** reported a case of a renal tumor char- 
acterized by a mixture of epithelial elements comprised of 
nests and tubules of cells with clear cytoplasm embedded in 
a stroma containing abundant smooth muscle. A subsequent 
report by Kuhn et al.* described five similar tumors with 
an epithelial component the authors considered to represent 
clear cell renal cell carcinoma associated with smooth muscle 
stroma and an angiomatous vascular proliferation. The tumors 
occurred over a wide age range with a predominance of 
females. Further studies to evaluate the epithelial component 
identified VHL gene and 3p abnormalities in some cases“? 
while others found no VHL gene abnormalities“! and some 
have identified monosomies of chromosomes 1, 11, and 16.” 
Others have reported that some clear cell renal cell carcino- 
mas, confirmed to have VHL gene mutations, can have smooth 
muscle stroma mimicking renal angiomyoadenomatous 
tumors.’ Further, the morphologic features and immunohis- 
tochemical profile of these tumors have suggested that some 
of these tumors may represent examples of clear cell papillary 
renal cell carcinoma. The current ISUP classification has fol- 
lowed the latter approach.’ It can be concluded that tumors 
reported under this designation likely represent more than 
one entity and it remains to be determined if a specific tumor 
type unrelated to clear cell renal cell carcinoma and clear cell 
papillary renal cell carcinoma will emerge from the group. To 
date, these tumors have behaved in a benign fashion. 

The cases reported to date in this category have mostly 
been small and relatively circumscribed. The tumors have 
been solid and firm and gray-white with the largest measur- 
ing 8.5 cm (Fig. 2-64). Many have had infiltrative borders 
histologically, particularly at the periphery with extension 


Figure 2-64 E Renal angiomyoadenomatous tumor. In this 
formalin-fixed specimen the tumor is off-white and homoge- 
neous, and the border with the nonneoplastic renal parenchyma 
is fuzzy. 


Figure 2-65 E Renal angiomyoadenomatous tumor. Tendrils 
of the smooth muscle of the tumor extend into the perirenal fat. 


of fibromuscular tissue into the perinephric fat (Fig. 2-65). 
The epithelial component has mostly formed small glan- 
dular or branching tubular structures lined by cells with 
small basally located hyperchromatic nuclei and moder- 
ate amounts of clear cytoplasm. Apocrine-like snouting of 
the clear cytoplasm can be prominent. In other areas, there 
are nests of cells with abundant clear cytoplasm and api- 
cally located nuclei with a sinusoidal vascular network 
resembling clear cell renal cell carcinoma (Fig. 2-66). The 
stroma has a leiomyomatous appearance with bundles of 
smooth muscle cells interspersed between the epithelial 
nests (Fig. 2-67). In some areas, there is a proliferation of 
small vascular spaces within the leiomyomatous stroma 
producing an angioleiomyoma-like appearance (Fig. 2-66). 
Immunohistochemical studies have demonstrated consis- 
tent reactivity for cytokeratin 7 (and other cytokeratins) in 
the epithelial cells. CD10 reactivity has been variable but 
generally has been negative. Carbonic anhydrase IX has 


Figure 2-66 E Renal angiomyoadenomatous tumor. Nests of 
epithelial cells with clear cytoplasm resembling clear cell renal cell 
carcinoma (left) and angioma-like vascular proliferations (right) 
are embedded in abundant smooth muscle stroma. 
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Figure 2-67 W Renal angiomyoadenomatous tumor. At 
higher magnification, the resemblance to clear cell renal cell car- 
cinoma is striking. 


been positive. The stroma stains positively for smooth mus- 
cle markers and is negative for melanocytic markers. The 
immunohistochemical profile closely resembles that found 
in clear cell papillary renal cell carcinoma. 


Renal Cell Carcinoma, Unclassified 


This category was established as part of the Heidelberg and 
Rochester classifications in order to accomodate tumors 


Table 2-9 


OF MORPHOLOGIC PARAMETERS 
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with features that differ from the recognized tumor groups. 
Approximately 4% to 5% of renal neoplasms cannot be 
assigned into the recognized categories of the 2004 World 
Health Organization renal tumor classification.’ It is from 
this group of tumors that a number of new forms of renal 
neoplasia have emerged. 

Renal cell carcinoma unclassified is not a definitive 
diagnosis and tumors so classified have a varying prog- 
nosis. There are no specific diagnostic features, although 
for the present, tumors that are apparent composites of 
recognized types, tumors showing mixtures of epithelial 
and stromal elements, and tumors with unrecognized cell 
types should be assigned into this category. It is also rec- 
ommended in the Heidelberg, Rochester, and 2004 World 
Health Organization classifications that sarcomatoid car- 
cinoma without recognizable epithelial components be 
placed into this category. 


Grading of Renal Cell Carcinoma 


A grading classification for renal malignancies, based upon 
the degree of cellular differentiation, was first proposed 
by Hand and Broders in 1932. This was superseded by 
a composite grading system proposed by Griffiths and 
Thackray in 1949.** Since the publication of this classi- 
fication seven further composite classifications have been 
proposed, each focusing upon a variety of morphologic 
and architectural features (Table 2-9).!°?464*! A recurring 
feature of these various grading systems is that they fail to 


GRADING CLASSIFICATIONS FOR RENAL CELL CARCINOMA BASED UPON A VARIETY 


Five-year Survivals (%) 
According to Grade 


Authors No. of Cases Treatment 1 2 3 4 Significance Classification Criteria 
Griffiths and 42 S V2 32 28 — NT Cell morphology, 
Thackray**® architecture, mitotic rate, 
nuclear pleomorphism 

Riches“® 76 S 71 39 25 — NT Architecture, nuclear 
hyperchromasia, mitoses 

Arner et al.” 72 S 93 63 41 7 O0 Architecture, cell type 

(grade 1 vs. 2+3) 
Hermanek et al.*4° 188 S 10 51 39 —  1vs.3 "significant" Cell type and architecture 
2 vs. 3 “significant” 

Boxer et al.*#° 96 S 61 36 14 — Significant “Overall microscopic 
appearance” 

Hop and van der 162 S/SR 68 Sm 39 — _ 0.01 “Degree of differentiation” 

Werf Messing’? 

MeNichols et al.4°" 486 S 63 49 27 15 <0.05-<0.001 Tumor architecture, nuclear 
pleomorphism, mitotic 
rate, necrosis 

Selli et al." 115 S 99 81 g 8 Mow Nuclear features, tubular 


S, nephrectomy; R, radiotherapy; N, no treatment; NT, not tested. 


(grade 1 + 2 vs. 4) pattern 
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Table 2-10 


Five-Year Survivals 


NUCLEAR GRADING CLASSIFICATIONS FOR RENAL CELL CARCINOMA 


(%) According to Grade 


No. of Classification Criteria 
Authors Cases Treatment 1 2 3 4 Significance (P) and Comment 
Myers et al^? 508 S$ 67 56) 33 28 NT 
Skinner et al.4%° J2 $ 7S 5 56 26 0.001 
Syrjanen and 121 S ey B$ 45 28 <0.025 Only grade 2 vs. grade 
Hjelt*®4 3 significant 
Boxer et al.4“° 96 $ JO S2 25 - <0.01 
Lieber et al.4°° 88 S Sy 7 26 26 0.0001 Grades 3 and 
4 combined 
Fuhrman et al.4°6 103. S/R/C/N 64 34 31 10 <0.005 
Kloppel et al.*°” ka $ 81 54 22 0 Significant 3-year survivals 
Delahunt and 102 8 § 51 36 0 — 1 vs. 2 0.02 
Nacey*® 2 vs. 3 <.001 
Stdrkel et al.4°° 431 S 92 60 -33 - <0.001 Thoenes et al (1986) 
criteria 
Onodera et al.*© ie $ 96 87 20 — 1 vs. 3 0.0001 Japanese classification 
2 vs. 3 0.0001 system 
Lohse et al. 155 5 $ 93 86 50 19 1 vs. 3 and 1 vs. 4 <0.001 Clear cell RCC 
nS) 100 96 V2 24 1+2vs.3and1+2vs. Papillary RCC 
sy S 4 <0.001 Chromophobe RCC 
100 98 78 25 1+2vs.30.2 
(2.5y) 1+2 vs. 4 <0.001 


S, nephrectomy; R, radiotherapy; C, chemotherapy; N, no treatment; NT, not tested. 


stratify each of the component grading parameters accord- 
ing to their prognostic significance. This implies that each 
parameter should be given equal weighting for grading pur- 
poses, which is an assumption that has not been validated. 
A further difficulty is that for many of the classifications 
the defining criteria are, at best, limited, which serves to 
promote intraobserver variability. A grading system based 
upon nuclear anaplasia was proposed by Myers et al.*? in 
1968, although no strict defining criteria were provided. 
This concept was refined by Skinner et al. who demon- 
strated a significant difference in survivals for their four- 
tier grading system. Since the publication of the Skinner 
classification several additional grading systems have been 
proposed (Table 2-10).'°4#49446 Somewhat surprisingly, 


of these grading systems, only one provides criteria as to 
the area of the tumor that should be assessed. Of the vari- 
ous nuclear grading systems proposed, that of Fuhrman 
et al.*°° has gained widespread acceptance in clinical prac- 
tice (Table 2-11 and Figs. 2-68 to 2-71). While features of 
more than one grade are frequently present in a single tumor 
(Fig. 2-72), the grade assignment is driven by the worst area. 
Fuhrman grading has been validated in a number of studies, 
although often significant differences between grades are 
achieved only when grades are grouped together for analyti- 
cal purposes. 

Despite the extensive usage of the Fuhrman grading 
system, there are a number of methodologic problems. In 
particular, the validity of the grading system, especially for 


Table 2-11 DEFINING FEATURES OFTHE FUHRMAN GRADING CLASSIFICATION 


Nuclear Diameter 


Nuclear Shape Nucleoli 


Round, uniform 
Irregularities in outline 
Obvious irregular outline 


Absent, inconspicuous 
Visible at 400x 
Prominent at 100x 


Grade 1 Small (approximately 10 um) 

Grade 2 Larger (approximately 15 um) 

Grade 3 Even larger (approximately 20 um) 

Grade 4 As for grade 3 with bizarre often multilobed nuclei + spindle cells 


Fuhrman SA, Lasky LC, Limas C. Prognostic significance of morphologic parameters in renal cell carcinoma. Am J Surg Pathol 1982;6:655-663. 
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Figure 2-68 E Nuclear grade 1. 


subtypes of renal cell carcinoma other than clear cell renal 
cell carcinoma, has been questioned. As originally defined, 
the system is based upon the simultaneous evaluation of 
three features. This implies that each of these parameters 
parallels one another incrementally and provides indepen- 
dent survival information, which has been shown not to be 
the case for both papillary renal cell carcinomas and chro- 
mophobe renal cell carcinomas.” The study by Fuhrman 
et al., which was based upon a mixed tumor series, provides 
no advice as to whether grading should be based upon the 
highest grade present or the predominant grade of the whole 
tumor. Further, there is no guidance as to which component 
of the grading system should be given priority for grading 
purposes, in the case of discordance between parameters. It 
is likely that these issues contribute to the, at best, moderate 
interobserver variability that has been reported for Fuhrman 
grading of renal cell carcinomas.**!4 The Rochester work- 
group on the grading of renal cell carcinoma noted that at 
present there is no ideal grading system for these tumors. 
They recommended that this should be reproducible and 


Figure 2-69 E Nuclear grade 2. 
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Figure 2-70 E Nuclear grade 3. 


be based upon nuclear features and that a three-tier system 
would seem most appropriate.*% 

It has been noted that some pathologists overcome these 
problems by confining grading to nucleolar prominence 
alone or in combination with nuclear granularity,° and this 
is endorsed by the Association of Directors of Anatomical 
and Surgical Pathology.?” Anecdotally, it would appear that 
this practice is widespread, and although it is often referred 
to as Fuhrman grading, a more appropriate designation 
would seem to be nucleolar grading. This was confirmed in 
the survey done as part of the 2012 International Society of 
Urological Pathology consensus meeting on renal cell car- 
cinoma.*”? A revision of the Fuhrman system was formally 
adopted by The International Society of Urological Pathology 
in 2012 (Table 2-12). This system is recommended for use 
in clear cell and papillary renal cell carcinoma. 

A novel grading system that encompasses the ISUP grad- 
ing scheme and incorporates the presence or absence of 
microscopic coagulative necrosis (Fig. 2-73) and specifically 
the presence of rhabdoid or sarcomatoid features has been 
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Figure 2-73 E The presence of coagulative necrosis is a non- 


present in the same tumor. Grade is assigned according to the worst 
grade present. 


proposed. This scheme results in 9-grade categories and in 
the initial report demonstrated a strong correlation with out- 
come for clear cell renal cell carcinoma.*™ 

The prognostic significance of grading for renal cell car- 
cinoma is discussed in each section relating to specific tumor 
subtypes. 


Sarcomatoid and Rhabdoid Change 


Sarcomatoid Change 

Sarcomatoid change (Fig. 2-74) may be found in associa- 
tion with each of the main subtypes of renal cell carcinoma!” 
and in the Fuhrman grading classification sarcomatoid mor- 
phology is considered a feature of grade 4 malignancy. The 
genetic changes that are associated with the development of 
a sarcomatoid phenotype are uncertain. Multiple losses of 
chromosomes 4q, 6q, 6p, 9, 13q, 14, and 17p and gains of 
chromosomes 5, 12, and 20 have been reported,***°° while 


Table 2-12 @ THE INTERNATIONAL SOCIETY 


OF UROLOGICAL PATHOLOGY GRADING 
SYSTEM FOR RENAL CELL CARCINOMA 


Grade 1 Inconspicuous or absent nucleoli at 
400x magnification 

Grade 2 Nucleoli distinctly visible at 400x but 
inconspicuous at 100x magnification 

Grade 3 Nucleoli distinctly visible at 100x 
magnification 

Grade 4 Presence of rhabdoid or sarcomatoid 


differentiation; presence of tumor giant 
cells or cells showing extreme nuclear 
pleomorphism with clumping of chromatin 


Delahunt B, Cheville JC, Martignoni G, et al. The International Society 
of Urological Pathology (ISUP) grading system for renal cell carcinoma 
and other prognostic parameters. Am J Surg Pathol. In press 2013. 


nuclear adverse prognostic finding. 


gains of chromosomes 1, 2, 6, 10, and 17 have been demon- 
strated in sarcomatoid chromophobe renal cell carcinoma.*”! 
There is evidence that typical carcinomas evolve into sarcoma- 
toid carcinomas through a number of mutational steps, as colla- 
gen expression of tumor cell cytoplasm and interstitium differs 
as tumors evolve from epithelial cells showing early spindle 
cell change to fully developed sarcomatoid carcinoma.**”’ This 
reinforces the recommendation that early spindle cell change 
should not be classified as sarcomatoid carcinoma.!*! 

The age distribution of patients with sarcomatoid renal 
cell carcinoma reported in large case series ranges from 
29 to 81 years, with median ages ranging from 56 to 61 years. 
Presenting symptoms are similar to those of renal epithelial 
malignancies although sarcomatoid carcinomas are often of 
advanced stage at the time of diagnosis. 15161468471 

On gross examination, sarcomatoid carcinomas are solid 
and gray or white with a firm to hard consistency upon sec- 
tioning. Cystic areas and a gross appearance similar to clear 
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Figure 2-74 E The presence of sarcomatoid change is a non- 
nuclear adverse prognostic finding. 
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cell renal cell carcinoma may also be seen. Histologically, 
these tumors consist of spindle cells arranged into sheets, 
and occasionally a storiform architecture may be present. 
Rarely, there may be osteoclast-like giant cells and foci of 
rhabdomyomatous differentiation. 

The immunohistochemical profile of these tumors pro- 
vides evidence of their pathogenesis, as the majority express 
a variety of epithelial markers. Pancytokeratin is usually pos- 
itive, at least focally, while positive expression of cytokera- 
tins 8 and 18, CAM 5.2, and PKK1 is occasionally seen.*” 
The sarcomatoid component also expressed PAX8 in 69% of 
cases in one series.“ Vimentin positivity has been reported 
in 33% to 100% of cases,”**” and rarely there is actin posi- 
tivity.‘ Ultrastructural studies of sarcomatoid renal cell car- 
cinoma almost always show the presence of desmosomes, 
although these may be infrequent. Peripheral and intralumi- 
nal microvilli, intracytoplasmic glycogen, and lipid may also 
be seen. These tumors must be differentiated from a variety 
of renal sarcomas, with the correct diagnosis being depen- 
dent on the identification of epithelial components within the 
tumor, or epithelial features as demonstrated by immunohis- 
tochemistry or electron microscopy. In the 2004 edition of 
the World Health Organization classification of renal tumors, 
it is recommended that sarcomatoid carcinomas should be 
classified according to the morphology of the parent tumor. 
If the carcinoma has been completely replaced by sarcoma- 
toid tumor, then the tumor should be classified as renal cell 
carcinoma, unclassified. 

Because of the aggressive nature of these tumors, clinical 
studies have evaluated the use of combination therapies that 
have included chemotherapeutic agents (gemcitabine, doxo- 
rubicin), biologic agents (interferon), and targeted therapies 
(tyrosine kinase inhibitors, bevacizumab). To date, no opti- 
mal approach has emerged.*” 


Rhabdoid Change 
As for sarcomatoid carcinoma, rhabdoid change (Fig. 2-75) 
has been recognized for all major subtypes of renal cell 


nuclear adverse prognostic finding. 
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carcinoma. 106-163 These high-grade tumors are characterized 
by the presence of cells with a large irregular nucleus, with 
a prominent nucleolus and abundant eosinophilic cytoplasm. 
The proportion of rhabdoid cells within renal cell carcinoma 
ranges from 1% to 90%; however, this does not influence 
the poor prognosis associated with tumors showing this mor- 
phology. For clear cell renal cell carcinoma showing rhab- 
doid differentiation, a mean survival interval of 8 months 
has been reported.!° 


FAMILIAL RENAL CELL CARCINOMA SYNDROMES 


Birt-Hogg-Dubé Syndrome 
Introduction 


The Birt-Hogg-Dubé syndrome was first described in 1977 
in a family with multiple benign hair follicle hamartomas, 
trichodiscomas, and acrochordons of the face, neck, and 
upper torso.*”> Since this original description, a variety of 
extracutaneous lesions have been associated with this syn- 
drome, including a number of renal tumors (Table 2-13).*” 


Genetics 


The syndrome is caused by mutations in the folliculin 
gene (HUGO-approved gene symbol: FLCN), which has 
been mapped to chromosome 17p11.2 and consists of 14 
exons.“ An alias for this gene that was used in the past 
is BHD. The gene encodes the protein folliculin, which is 
involved in both the AMPK and MTOR signaling path- 
ways.*” In a large series of cases a FLCN mutation rate 
of 88% was observed and 23 separate germline mutations 
were demonstrated,’ with the most frequent mutation being 
found on exon 11. A total of 84 FLCN variants have been 
described to date.**°Mutations of the FLCN gene are infre- 
quent in sporadic kidney tumors including chromophobe 
renal cell carcinoma and oncocytoma.**! 


RenalTumors 


Renal tumors are seen in 34% to 49% of affected families and 
10% to 34% of affected individuals, although earlier studies 
indicated a much lesser frequency of renal neoplasia.48482483 


Table 2-13 m CUTANEOUS AND 


EXTRACUTANEOUS MANIFESTATIONS 
OF THE BIRTT-HOGG-DUBE SYNDROME 


Benign skin tumors 

o Fibrofolliculoma 

o Trichodiscoma 

o Acrochordon (fibroepithelial polyp or skin tag) 
Pulmonary cysts/pneumothorax 

Oncocytoma 

Chromophobe renal cell carcinoma 

Papillary renal cell carcinoma 

Clear cell renal cell carcinoma 
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The mean age of presentation for renal tumors associated 
with the Birt-Hogg-Dube syndrome is 50 years; however, 
malignant renal tumors have been detected in individuals in 
the third and fourth decade.*** Over 85% to 90% of the tumors 
described in these patients have morphologically resembled 
oncocytoma and chromophobe renal cell carcinoma with 
many having overlapping features of the two.476478484485 The 
latter have been referred to as “hybrid” tumors to reflect 
this feature. It is difficult from the literature to determine 
what percentage of tumors in these patients are true onco- 
cytomas and chromophobe renal cell carcinomas versus the 
so-called hybrid tumors. Recent molecular and genetic data 
suggest that these represent a unique tumor type unrelated to 
either oncocytoma or chromophobe renal cell carcinoma.*** 
Hierarchical clustering shows that although similar to onco- 
cytoma and chromophobe renal cell carcinoma, Birt-Hogg- 
Dubé tumors cluster into a distinct group.**° These tumors 
also lack the genetic abnormalities typically associated 
with oncocytoma and chromophobe renal cell carcinoma.**° 
Papillary renal cell carcinomas and clear cell renal cell carci- 
nomas are less commonly seen with the latter accounting for 
7% to 9% of tumors.*’***? Renal cysts, unrelated to coexist- 
ing renal tumors, have also been reported.*”°478484485 

The patients who do develop renal tumors typically have 
multiple bilateral tumors. In one series, tumors were bilat- 
eral in 56% of patients and multiple in 65% with the number 
of tumors ranging from 1 to 22 (mean 7).* The tumors are 
solid with varied color ranging from brown to tan to yellow 
depending on the histologic type. Hemorrhage and necrosis 
are not a feature except in clear cell renal cell carcinomas. 
The most common histology is the so-called “hybrid” tumor. 
These are better referred to as the renal tumor of Birt-Hogg- 
Dubé syndrome. The tumors are composed of a mixture of 
cells having eosinophilic to pale to clear cytoplasm arranged 
in variably sized solid nests (Fig. 2-76). The eosinophilic 
cells resemble those of oncocytoma and the large pale cells 


Figure 2-76 W Familial renal cell carcinoma. The tumors in 
Birt-Hogg-Dubé syndrome are composed of cells with eosinophilic 
and pale cytoplasm growing in sheets. 


those of chromophobe renal cell carcinoma. The clear cells 
can resemble the cells of clear cell renal cell carcinoma and 
some authors have described such tumors as “hybrid clear 
cell-chromophobe renal cell carcinoma.” Nuclei are gen- 
erally round and uniform, but some nuclear irregularity can 
be present. Examination of renal parenchyma not grossly 
involved by tumors shows numerous tiny nodules of pink 
(oncocytic) cells in the majority of cases. 

In patients with bilateral renal tumors (synchronous or 
asynchronous) and a diagnosis of oncocytoma or chromo- 
phobe renal cell carcinoma in one or more of these, the pos- 
sibility of Birt-Hogg-Dubé syndrome should be considered 
and clinical information sought. In one study that evaluated 
patients with bilateral kidney tumors and a diagnosis of 
oncocytoma or oncocytic neoplasm, 23 of 46 patients were 
found to have Birt-Hogg-Dubé syndrome.**” 


Prognosis and Treatment 


Although there are no formal follow-up guidelines, regu- 
lar imaging studies for the early detection of renal neo- 
plasia are recommended. Where tumors larger than 3 cm 
are present, nephron-sparing surgery is the treatment of 
choice.****’ In one study of 23 patients, one patient devel- 
oped metastases from a clear cell renal cell carcinoma; no 
cases of metastases occurred from the “oncocytic” tumors 
in the series.**’ In another series, 34 of 124 (10%) affected 
patients developed renal tumors and 2 of the 124 (2%) 
died of metastatic renal cell carcinoma (both with clear 
cell renal cell carcinoma).*** The malignant potential of the 
non-—clear cell tumors of the Birt-Hogg-Dubé syndrome 
remains uncertain, but it would seem to be at most limited 
malignant potential.** 


von Hippel-Lindau Disease 
Introduction 


VHL disease is an autosomal dominant inherited disorder 
with a high degree of penetrance. The ocular changes of 
VHL disease were described by von Hippel in 1895, while 
the association with spinocerebral abnormalities, pancreatic 
and renal cysts, and renal neoplasia was reported by Lindau 
in 1926.*** The full spectrum of the syndrome (Table 2-14) 
was fully described in 1964.4*° VHL disease has a prevalence 


Table 2-14 
DISEASE 


Renal cysts 

Clear cell renal cell carcinoma 
Pheochromocytoma 

Retinal, central nervous system angioma 

Retinal, central nervous system hemangiocytoma 
Pancreatic cysts 

Islet cell tumors 

Papillary cystadenoma, epididymis/broad ligament 
Endolymphatic sac tumor, inner ear 


LESIONS ASSOCIATED WITH VHL 
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of approximately 1 in 36,000 and the clinical manifestations 
have been grouped into four clinical phenotypes. Type 1 
disease is associated with a low to zero risk of pheochro- 
mocytoma, while in type 2 disease there is a high risk of 
pheochromocytoma. Type 2 disease is further subdivided 
into type 2a—occurrence of hemangioblastoma and pan- 
creatic involvement; type 2b—occurrence of hemangioblas- 
toma, pancreatic involvement, and high risk of clear cell 
renal cell carcinoma; and type 2c—predominance of pheo- 
chromocytoma, with a low risk of hemangioblastoma and 
pancreatic and renal cancer.*”° 


Genetics 


VHL disease results from germline mutation or deletion of 
the von Hippel-Lindau tumor suppressor, E3 ubiquitin pro- 
tein ligase (VHL) gene located at 3p25.3 that is detectable 
in close to 100% of affected individuals. The VHL gene 
product binds to elongins that in turn bind hypoxia-inducible 
factor œ. VHL gene mutation results in the accumulation of 
hypoxia-inducible factor & leading to up-regulation of medi- 
ators of angiogenesis and cell proliferation such as VEGF, 
TGFa, PDGF, and erythropoietin.*?'** The wide spectrum 
of VHL disease results from the wide variety of mutations 
associated with the syndrome, with more than 300 mutations 
involving the three exons of the VHL gene being described.*” 


Renal Pathology 


The renal pathology in these patients is dominated by the 
development of cysts and clear cell renal cell carcinomas. 
Both are multiple and bilateral. The cysts are described in 
detail in Chapter 1, but one characteristic is that they are often 
lined by a single layer of cuboidal cells with clear cytoplasm 
resembling the cells of clear cell renal cell carcinoma. It has 
been suggested that even a double layer of such cells indicates 
malignant transformation or at least a premalignant change.‘ 

Renal cell carcinoma develops in 24% to 45% of VHL 
disease patients.“ It occurs at a younger age (mean 39 years) 
than sporadic clear cell renal cell carcinoma and is often 
bilateral. The tumors are essentially all of the clear cell type. 
Some of the tumors closely resemble clear cell papillary renal 
cell carcinoma, and immunohistochemistry may be needed to 
reach the correct diagnosis. The tumors may be solid and cys- 
tic, and are often associated with renal cysts. In many cases, 
the tumors appear to arise within preexisting cysts. Numerous 
cysts and tumors, in the order of several hundreds, may be 
present in each kidney.*”’ Careful examination of uninvolved 
renal parenchyma can identify individual cells or groups of 
cells (Fig. 2-77) with the morphologic features of clear cell 
renal cell carcinoma within individual tubules. 


Prognosis and Treatment 


VHL gene mutations are detected by screening of at-risk indi- 
viduals. Annual renal imaging is recommended in order to 
detect the development of occult renal malignancy and for 
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Figure 2-77 WE Familial renal cell carcinoma. In von Hippel- 
Lindau disease, the tumors closely resemble sporadic clear cell 
renal cell carcinoma and small nests of these may be found through- 
out the kidney. 


monitoring tumor size. Treatment is focused on both preserving 
renal function and preventing metastatic disease. A “3 cm rule” 
has been employed with observation until a tumor reaches 
>3 cm in diameter, at which time surgical intervention utiliz- 
ing a nephron-sparing approach is recommended with removal 
of the larger tumor as well as other clinically evident tumors in 
the involved kidney.“ In one series, none of the patients man- 
aged with this approach developed metastases.*” Enucleative 
procedures that do not remove a rim of normal parenchyma are 
also being applied in these cases to further minimize the loss 
of renal parenchyma.*” Close follow-up is mandatory as par- 
tial nephrectomy has been associated with a 75% risk of recur- 
rence, within the ipsilateral or contralateral kidney.*' Despite 
these approaches, metastatic renal cell carcinoma remains a 
significant cause of death in these patients. Targeted systemic 
therapies aimed at different points in the HIF pathways have 
shown significant potential in the treatment of metastatic clear 
cell renal cell carcinoma with several drugs currently being 
FDA approved.” Several of these are also being evaluated 
for postoperative adjuvant treatment of patients with high-risk 
tumors.” A role for these drugs as neoadjuvant treatment in 
these patients has not yet been demonstrated. 


Tuberous sclerosis 
Introduction 


Tuberous sclerosis is an autosomal dominant inherited dis- 
order associated with a high degree of penetrance and the 
development of a wide variety of benign tumors and tumor- 
like conditions affecting multiple organs. The syndrome was 
first recognized in 1880, although descriptions of cerebral 
sclerosis date back to 1862.*” The prevalence is estimated at 
1:11,000 live births.* The current diagnostic guidelines for 
recognizing this disorder, presented in Table 2-15, highlight 
the diversity of the manifestations of the disease. In the 
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Table 2- DIAGNOSTIC CRITERIA FOR 


TUBEROUS SCLEROSIS 


Major features 

e Facial angiofibromas or forehead plaque 
Nontraumatic ungual or periungual fibroma 
Hypomelanotic macules (more than three) 
Shagreen patch (connective tissue nevus) 
Cortical tuber 
Subependymal nodule 
Subependymal giant cell astrocytoma 
Multiple retinal nodular hamartomas 
Cardiac rhabdomyoma (single or multiple) 
Lymphangiomyomatosis or renal angiomyolipoma 
Minor features 
Multiple randomly distributed pits in dental enamel 
Hamartomatous rectal polyps 
Bone cysts 
Cerebral white matter “migration tracts” 
Gingival fibromas 
Nonrenal hamartoma 
Retinal achromic patch 
“Confetti” skin lesions 
Multiple renal cysts 


Definite Tuberous Sclerosis Complex: Either two major features or 
one major feature plus two minor features. 

Probable Tuberous Sclerosis Complex: One major feature plus one 
minor feature. 

Suspect Tuberous Sclerosis Complex: Either one major feature or two 
or more minor features. 


pediatric age group, renal cystic disease was the presenting 
problem in 3 of 125 children.** In adults who have not yet 
come to clinical attention, renal tumors can be the first clini- 
cal manifestation in some cases. 


Genetics 


The tuberous sclerosis syndrome results from a germline 
mutation in one of two genes, tuberous sclerosis 1 (TSC1) 
at 9q34 and tuberous sclerosis 2 (TSC2) at 16p13.3. These 
mutations occur with an equal frequency. TSC/ and TSC2, 
respectively, encode the proteins hamartin and tuberin. 
Hamartin has a cell adhesion function, while tuberin is a 
GTPase activating protein that is involved in the MTOR cell 
signaling pathway, which controls nutrient-stimulated cell 
growth.” Hamartin and tuberin function as a complex, 
and mutations in either TSCZ or TSC2 will lead to similar 
phenotypic changes resulting from uncontrolled cell growth 
signaling. Although hamartin and tuberin act as a complex, 
more severe manifestations are seen in individuals with 
TSC2 mutations. TSC2 is also active in VEGF expression 
and thus interacts with the VHL pathway. At 16p13.3 TSC2 
is adjacent to the gene polycystic kidney disease 1 (auto- 
somal dominant) (PKD1), which is involved in autosomal 
dominant polycystic disease, and renal cysts are seen in 
tuberous sclerosis, where mutations involve both TSC2 and 
PKDI (referred to as the TSC2/PKD1 contiguous gene syn- 
drome).°*°’ These patients develop severe renal cystic disease 
that can be present at birth. 


Renal Pathology 


Angiomyolipomas are the renal tumors most commonly seen 
in patients with tuberous sclerosis. It is important to remem- 
ber however, that more than 50% of angiomyolipomas 
diagnosed clinically are sporadic. The demographics of angi- 
omyolipoma associated with tuberous sclerosis differ from 
those of sporadic tumors. With tuberous sclerosis, there is a 
roughly equal gender distribution, which differs from spo- 
radic angiomyolipoma that has a female predominance.°>!” 

Angiomyolipoma of the kidney is seen in 75% to 80% 
of affected individuals by the second decade and is typi- 
cally bilateral and multifocal. The histologic features of 
syndrome-related angiomyolipoma are similar to that of 
sporadic tumors with varying proportions of smooth mus- 
cle, mature adipose tissue, and blood vessels with thickened 
walls.°!°°'! There are no apparent differences in the frequency 
of smooth muscle— or fat-predominant angiomyolipoma 
between sporadic and tuberous sclerosis—associated angio- 
myolipoma.*!' The presence of multifocality (Fig. 2-78), par- 
ticularly if more than two tumors are present, should suggest 
the possibility of tuberous sclerosis complex. The unusual 
occurrence of intraglomerular angiomyolipoma (Fig. 2-79) 
is also described in tuberous sclerosis. Involvement of the 
renal parenchyma can be so extensive as to result in renal 
failure. Epithelioid angiomyolipoma, with the potential 
to show locally infiltrative growth and the development of 
metastasis, may also occur in tuberous sclerosis.*"? 

Single or multiple cysts is also a frequent feature in the 
kidney of tuberous sclerosis patients and these generally 
develop at an earlier age than angiomyolipoma. Renal cysts 
are found in approximately 50% of patients. The pathology 
of the renal cysts in tuberous sclerosis is covered in detail in 
Chapter 1. 

Renal cell carcinoma has been reported to develop in 1% 
to 4% of patients with tuberous sclerosis.*'* Most of these 
have been reported as clear cell renal cell carcinomas, but 


Figure 2-78 W Familial renal neoplasia. In addition to the 
large angiomyolipoma seen at the left, this kidney from a patient 
with tuberous sclerosis shows multiple small yellow spots which 
also are angiomyolipomas. 
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Figure 2-79 W Familial renal neoplasia. An intraglomerular 
angiomyolipoma is seen in this section from the kidney of a patient 
with tuberous sclerosis. 


chromophobe renal cell carcinoma and papillary renal cell 
carcinoma are also described. It has, however, been sug- 
gested that many of the renal cancers reported in tuber- 
ous sclerosis are, in reality, epithelioid angiomyolipoma.*!” 
A meta-analysis of published cases of tuberous sclerosis pro- 
vides evidence that the occurrence of most types of renal 
parenchymal neoplasia was not increased in tuberous scle- 
rosis, while there did appear to be an increased incidence of 
oncocytoma.>"* Despite this, an increase in renal carcinoma 
has been reported in individuals with TSC/ mutations, and 
in tuberous sclerosis it has been noted that cancers may be 
bilateral and multifocal with a younger age at presentation.*"* 


Prognosis and Treatment 


The management of renal tumors associated with tuber- 
ous sclerosis is dependent on the type of tumor present. 
Renal-sparing surgery with close monitoring is preferable 
for renal cell carcinoma in order to preserve renal function. 
The management of angiomyolipoma is dependent on the 
size of the tumor with larger masses considered at higher 
risk for rupture more often treated surgically. Currently tar- 
geted therapies have shown promise in the management of 
the neurologic disorders and for angiomyolipoma.°!° Several 
reports have documented inhibition of growth and reduction 
in the size of angiomyolipoma when treated with MTOR 
inhibitors." 


Hereditary Leiomyomatosis and Renal Cell 
Carcinoma Syndrome 


Introduction 


In 2001, Launonen et al.*!® described the clinical, histo- 
pathologic, and molecular features of a novel autosomal 
dominant hereditary syndrome characterized by a predis- 
position to uterine leiomyoma and papillary renal cell car- 
cinomas. In addition to uterine leiomyomas these patients 
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develop uterine leiomyosarcomas and cutaneous leiomyo- 
mas. Adrenal lesions (massive macronodular cortical disease 
and nodular hyperplasia) and ovarian steroid cell tumors also 
have been reported.*!?»”° 

The cutaneous and uterine leiomyomas usually present 
between the ages of 20 and 30 years. Cutaneous leiomyomas 
are found in over 80% of families when evaluated by derma- 
tologists.°*! Renal cell carcinoma develops in 20% to 34% 
of families with mutations and in 2% to 21% of affected 
individuals.*?!>4 


Genetics 


Genetic studies show germline missense mutations, trunca- 
tion, or whole gene deletions at 1q42.2-42.3. This region 
contains the 10 exons that encode for fumarate hydratase. 
This enzyme is essential for the conversion of fumarate 
to malate, and loss of function leads to up-regulation of 
hypoxia-inducible factor.*7?*™4 


RenalTumors 


Renal tumors associated with the hereditary leiomyomatosis 
and renal cell carcinoma syndrome develop at a younger age 
than sporadic renal tumors, with a mean age of 36 to 39 years 
(range 17 to 75 years) at presentation. There is an equal gen- 
der distribution.” Early reports indicated that renal tumors 
associated with the syndrome were type 2 papillary renal 
cell carcinomas.**° Subsequent detailed studies have shown 
papillary tumors to predominate often combined with solid, 
cystic, or tubular architectures (Figs. 2-80 and 2-81). The 
latter areas are typically infiltrative with stromal desmopla- 
sia and can resemble collecting duct carcinoma, and several 
tumors in these patients have been reported under that diag- 
nosis. These renal tumors are characterized by cytoplasmic 
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Figure 2-80 W Familial renal cell carcinoma. In hereditary 
leiomyomatosis and renal cell carcinoma syndrome the renal carci- 
nomas have varied architectures. Here the structure is simple papil- 
lae covered by a single layer of cells with eosinophilic cytoplasm. 
The nucleoli are prominent. 
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Figure 2-81 W Familial renal cell carcinoma. In hereditary 
leiomyomatosis and renal cell carcinoma syndrome the renal carci- 
nomas also grow in solid and glandular patterns composed of cells 
with eosinophilic cytoplasm and prominent nucleoli. 


eosinophilia, although occasional foci of cells with clear 
cytoplasm may also be seen. The tumor cells typically have 
pleomorphic nuclei with prominent eosinophilic or oran- 
giophilic nucleoli and perinucleolar chromatin clearing.” 
Similar nuclear features are present in the uterine leiomyo- 
mas of these patients.*’’ These tumors show negative expres- 
sion of Ulex europaeus hemagglutinin- | lectin, cytokeratin 7, 
cytokeratin 20, high molecular weight cytokeratin, and TFE- 
3. The clear cell areas seen in some tumors are positive for 
CD10. These are now considered to represent a distinct 
type of renal cell carcinoma unique to this syndrome. 

These patients can present with renal cell carcinoma with- 
out documentation of uterine or cutaneous leiomyomas. In 
one analysis of sporadic type 2 papillary renal cell carcino- 
mas, FH gene mutations were found in 2 of 18 cases. These 
authors suggested that FH gene mutation analysis should be 
considered in patients under 40 years of age when a renal 
cell carcinoma shows features described above.**! We concur 
with this recommendation and raise the possibility of this 
syndrome whenever the combination of a well-defined papil- 
lary architecture is mixed with a solid or infiltrative tubular 
component combined with the typical nuclear features. 


Prognosis and Treatment 


Tumors frequently exhibit aggressive behavior with the early 
development of metastases; in one series 17 out of 21 cases 
showed extrarenal extension at the time of diagnosis and 9 of 
19 patients presented with metastatic disease.” In another 
series, 20 of 27 patients with renal cell carcinoma died of 
their tumor.” In view of the potential for early metastases, it 
has been suggested that regular follow-up by imaging stud- 
ies of small tumors is appropriate.” Treatment is primarily 
surgical with some early reports indicating a possible role 
for tyrosine kinase inhibitors or similar drugs in metastatic 
disease.” 


Clear Cell Renal Cell Carcinoma with 
Translocation of Chromosome 3 


In 1979, hereditary clear cell renal cell carcinoma with the 
constitutional balanced translocation t(3;8) (p14;q24) was 
reported in a single family.°’* This translocation involved the 
tumor suppressor gene FHIT at 3p14, which is frequently 
deleted in sporadic clear cell renal cell carcinomas.°” 

Since the initial report, further instances of hereditary and 
sporadic clear cell renal cell carcinomas have been associ- 
ated with 13 different constitutional translocations: t(3;8) 
(p14;q24), t(2;3)(q353q21), t(3;6)(q12;q15), t(2;3)(q33;q21), 
t(1;3)(q32;qq13.3), t(3;8)(p133q24), t(3312)(q13.2;q24.1), 
t(3;6)(p13;q25.1), t(3;4)(p13;p16), t(3;15)(pl11;q21), t(3;6) 
(q22;q16.2), and t(3;4)(q21;q31).°°” Although chromo- 
some 3 was involved in all cases, these translocations did not 
involve the VHL gene at 3p25-26. Annual renal cancer screen- 
ing is not recommended in these patients unless there is also 
a personal family history of clear cell renal cell carcinoma.” 

Familial chromosome 3 translocation renal cell carcino- 
mas are always of the clear cell type and are usually bilateral 
and multifocal. In the family with the t(3;8) translocation, 
carcinomas of the thyroid were also seen. 


Familial Clear Cell Renal Cell Carcinoma 


Familial clear cell renal cell carcinoma is defined by the 
development of clear cell renal cell carcinoma in two or more 
family members with no evidence of a hereditary renal cell 
carcinoma syndrome or with constitutional chromosome 3 
translocations." Two kindreds of nine individuals with clear 
cell renal cell carcinoma, in the absence of VHL mutations, 
were described in 1997.54 In this series, tumors were unilat- 
eral and in eight of nine cases, were in individuals aged >50 
years. In a subsequent study of 25 cases from nine families, 
tumors were found to be more frequently bilateral with an 
earlier age at onset (mean 47.1 years) than sporadic tumors.°*° 
The tumors in these families are typical clear cell renal cell 
carcinomas without histologic features to distinguish them 
from sporadic cases. 

A larger analysis of 145 cases from 60 families showed 2 to 
5 family members to have renal tumors.’ The gender distri- 
bution was similar to sporadic clear cell renal cell carcinoma 
(M:F, 1.8:1), although patients were younger with a mean age 
of 53 years at diagnosis. Multiple tumors were seen at diag- 
nosis or subsequently developed in 10% of cases. Segregation 
analysis was most consistent with autosomal dominant inher- 
itance. In contrast, a study of familial renal cell carcinoma 
in Sweden concluded that recessive genes might be impor- 
tant for these cases.**° Based upon these data, it was recom- 
mended that annual renal imaging be undertaken on affected 
individuals and family members from the age of 30 years. 
In families where onset was earlier than 30 years, it was fur- 
ther recommended that earlier surveillance should be offered. 
A small percentage of patients presenting with apparent famil- 
ial clear cell renal cell carcinoma will be found to harbor FLCN 
gene mutations and may represent cases of Birt-Hogg-Dubé 
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syndrome without other features of the disease leading to the 
recommendation that these patients also be offered genetic 
testing.**? Karyotyping for a possible chromosome 3 translo- 
cation is also recommended in such patients.°"° 


Hereditary Papillary Renal Cell Carcinoma 
Introduction 


The occurrence of an inherited predisposition for papillary 
renal cell carcinoma was first described in 1994.57 This is a 
rare disease with autosomal dominant inheritance and a high 
degree of penetrance. 


Genetics 


Hereditary papillary renal cell carcinoma is associated with 
germline mutation of the met protooncogene (hepatocyte 
growth factor receptor) gene (HUGO-approved gene sym- 
bol: MET) 7q31-34 that encodes the hepatocyte growth 
factor receptor leading to an increase of function.** This 
mutation is also occasionally seen in sporadic papillary renal 
cell carcinoma exhibiting a type 1 morphology.” Trisomy of 
chromosome 7 is frequently present in the tumors of heredi- 
tary papillary renal cell carcinoma; however, trisomy 17 is 
not a feature.**” 


RenalTumors 


The majority of tumors present in the fifth or sixth decade,” 


although in one series, a subset of tumors presenting as early 
as the second and third decades was reported.™' The tumors 
are often occult with patients presenting late already having 
numerous and bilateral tumors. Radiologically the tumors 
are hypovascular and enhance poorly on CT scans. This can 
result in the number of tumors present being underappreci- 
ated in imaging studies. 

In this syndrome, numerous bilateral tumors of varying 
size may be present with up to 3,400 papillary neoplasms 
being noted in some kidneys.*” These are of type 1 morphol- 
ogy and almost always have a low histologic grade (Fuhrman 
grade 1 or 2).*” In the series reported by Lubensky et al.,”*° 
105 of 113 (93%) tumors examined were nuclear grade 1 
or 2. The tumor cells are predominantly small with scant 
cytoplasm but eosinophilic cells and cells with cytoplas- 
mic clearing can be present. The latter contain glycogen 
and lipid but in contrast to clear cell renal cell carcinoma 
are seen covering delicate papillae. Foamy macrophages 
and psammomatous calcification are common. The grossly 
uninvolved parenchyma typically shows numerous papillary 
adenomas, but these may not always be found, particularly 
when limited tissue is available for examination as in partial 
nephrectomy specimens. There are no specific features in 
individual tumors that allow for the distinction of sporadic 
from hereditary papillary renal cell carcinoma. No other 
forms of renal neoplasia have been seen in this syndrome, 
although a single report of cases associated with urothelial 
neoplasia has been described.** 
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Prognosis and Treatment 


As many of these tumors are diagnosed in older patients, 
their occurrence may appear sporadic, and it has been rec- 
ommended that any family with two or more individuals 
diagnosed with papillary renal cell carcinoma should be 
referred for genetic evaluation. Germline MET mutational 
analysis is also recommended for patients with bilateral, 
multifocal papillary renal cell carcinoma.*'* Where feasible, 
nephron-sparing partial nephrectomy is treatment of choice 
for tumors >3 cm in diameter with small tumors managed by 
observation.** Preservation of renal parenchyma is a major 
goal in managing these patients." Although the majority of 
tumors are indolent, some can be aggressive and metasta- 
size, the latter reported in 12% of patients in one study. 
Systemic therapies targeting the MTOR pathway or the 
hepatocyte growth factor receptor are actively being studied 
for these patients.*"° 


Succinate Dehydrogenase B Mutation- 
Associated Renal Cell Carcinoma 


There have been a few examples of renal tumors developing 
in patients with succinate dehydrogenase B gene (HUGO- 
approved gene symbol: SDHB) mutations.*>* Isolated 
cases in patients with succinate dehydrogenase C and D 
mutations are also reported. These patients also develop 
pheochromocytoma, paraganglioma, and type 2 gastroin- 
testinal stromal tumors. In a study of 358 patients from 
160 kindreds, 12 patients developed renal tumors and the 
risk of developing a renal tumor by age 70 was estimated at 
14% for those with SDHB mutation and 8% with SDHD 
mutations.*“° Patients reported to date have ranged from 15 
to 62 years (mean and median, 37 years) with males and 
females affected. Bilaterality and multifocality are com- 
mon. In the largest series to date, 5 of 21 patients (14, 6, and 
1 each with SDHB, SDHC, and SDHD mutations, respec- 
tively) died of their disease.“ Malignant behavior has also 
been reported in two cases with sarcomatoid morphology. 

The pathology of these tumors is not well defined. Tumors 
have ranged from 1.8 to 11.0 cm. They have been solid or 
solid and cystic. The tumors have been well circumscribed 
and unencapsulated. The most characteristic histologic fea- 
ture is a tumor composed of cuboidal or polygonal cells with 
moderate amounts of vacuolated eosinophilic cytoplasm 
arranged in small nests. The vacuoles contain pale eosino- 
philic fluid-like material. Ultrastructural examination has 
shown giant mitochondria in these tumors. Normal tubules 
or glomeruli are often entrapped in the tumor at the edges. 
Other patterns described include papillary and sarcomatoid. 
In one group of patients with SDHC mutations, the tumors 
were morphologically similar to clear cell renal cell carci- 
noma.™* Diagnosis requires demonstration of the mutation 
or loss of succinate dehydrogenase expression by immuno- 
histochemistry. Because of the limited experience with these 
tumors, they are not formally included in the current ISUP 
classification.’ 
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ALK-Translocation Renal Cell Carcinoma 


In 2011, there were two cases reported of renal cell carcinomas 
found to have a t(2;10)(p23:q22) translocation involving the 
anaplastic lymphoma receptor tyrosine kinase gene (HUGO- 
approved gene symbol: ALK). Both were in patients 
with sickle cell trait, and one was considered a renal medul- 
lary carcinoma. The tumors were composed of polygonal to 
spindle-shaped cells with eosinophilic cytoplasm and intracy- 
toplasmic vacuoles representing intracytoplasmic lumens. In 
a subsequent study, 355 renal cell carcinomas were screened 
for ALK translocations, and 2 cases were identified.*! These 
occurred in two females (ages 36 and 53 years) without sickle 
cell trait. Both cases had papillary morphology and were con- 
sidered by the authors to be renal cell carcinoma, unclassi- 
fied. In another survey of 534 cases of renal cell carcinoma, 
ALK gene rearrangements were identified in only 2 cases.*” 
Both patients were male (ages 59 and 61) and had tumors 
with papillary architecture. Of interest, there was an increase 
in ALK copy number in 8% of papillary renal cell carcinomas 
and 17% of clear cell renal cell carcinomas in that study. It 
remains unclear whether the tumors with ALK rearrangements 
represent a specific tumor type or not. The current ISUP clas- 
sification does not recognize these as a distinct entity.’ 


METANEPHRIC TUMORS 


Metanephric Adenoma 
Epidemiology 


First described in 1980, under the name néphrome néphro- 
nogeéne (nephronogenic nephroma), the term “metanephric 
adenoma” was introduced in 1979.5555+ Although more than 
100 cases of metanephric adenoma have been reported,>°> this 
underestimates the true incidence of these tumors in clinical 
practice. The patients have ranged in age from young chil- 
dren to the elderly,°°° and in various series the median age at 
presentation was around 50 years, with many cases occurring 
in the fifth to sixth decades.°*°°? Two-thirds of the cases of 
metanephric adenoma have been female. In rare cases, coex- 
istent renal cell carcinoma was found in patients with meta- 
nephric adenoma. Metanephric adenoma is the most common 
epithelial neoplasm found in the kidneys of children.”*° 


Pathogenesis 


Although initially considered to be derived from persis- 
tent blastema, it has also been suggested that metanephric 
adenoma represents maturation of Wilms tumor. This is 
supported by the immunophenotype seen in metanephric 
adenoma, which parallels that seen in differentiated Wilms 
tumor and nephrogenic rests.5® 


Clinical Features 


Metanephric adenomas are frequently discovered as inciden- 
tal findings, while other presenting features are hematuria, 


pyrexia, abdominal mass, and flank pain.*°°°7°° About 10% 
of the patients are polycythemic.>**°” This appears to be due to 
tumor-derived erythropoietin and cytokines, and the polycy- 
themia has usually disappeared after resection of the tumor.**! 

Imaging studies frequently show calcifications within the 
tumors, while enhanced computed tomography shows that 
the tumors often exhibit low attenuation.> 


Pathology 


Gross Features 

Metanephric adenomas vary widely in size. Most tumors are 
between 3 and 6 cm in diameter, although ones as large as 
15 cm in diameter have been described.*°° Metanephric ade- 
nomas are well circumscribed, and although a thin partial 
pseudocapsule may be rarely seen, metanephric adenoma usu- 
ally directly abuts against normal renal tissue. Multifocality 
is rare, and all tumors reported have been unilateral. On 
sectioning, metanephric adenomas are solid and tan to gray, 
and may be soft or firm (Fig. 2-82). Hemorrhage and focal 
necrosis may be present, especially in larger tumors. Cystic 
degeneration is seen in 10% of metanephric adenomas, and 
in one case, the tumor was entirely cystic.°*° Calcification is 
often seen macroscopically and may be extensive. 


Microscopic Features 
Histologically, metanephric adenoma is typically highly cel- 
lular and composed of tightly packed small, uniform, round 


Figure 2-82 E Metanephric adenoma. The tumor is fleshy, 
solid, and bulges above the cut surface. 
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Figure 2-83 E Metanephric adenoma. The most common 
architecture is a dense growth of small cells with darkly basophilic 
nuclei arranged in clusters around small or pinpoint lumens and 
with inconspicuous stroma. 


acini (Fig. 2-83). Since the acini and their lumens are so 
small, at low magnification this pattern may be mistaken for 
a solid sheet of cells. Long branching and angulated tubular 
structures also are common. The stroma ranges from incon- 
spicuous to a loose edematous stroma to a sclerotic stroma 
(Fig. 2-84). Hyalinized scar, microcyst formation, or focal 
osseous metaplasia of the stroma is present in 10% to 20% 
of tumors.” Approximately 50% of metanephric adenomas 
contain papillary structures, often consisting of short blunt 
papillae reminiscent of immature glomeruli, growing into 
minute spaces. In most of these, no blood vessel is visible. 
Psammoma bodies are common and may be numerous and 
there may be dystrophic calcification in hyalinized areas. 
The junction with the kidney is usually abrupt and lacks 
a pseudocapsule. The cells of metanephric adenoma have 
small, uniform nuclei with absent or inconspicuous nucle- 
oli. The nuclei are only slightly larger than lymphocytes 
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E Metanephric adenoma. Occasionally the cells 
form tubules or the stroma becomes sclerotic and wider. 
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and are round or oval and have delicate chromatin. The 
cytoplasm is scant and pale or light pink. Mitotic figures are 
absent or rare. 


Ancillary and Special Studies 

Immunohistochemistry shows that metanephric adenoma 
usually shows diffusely positive nuclear staining for WT1 
(Fig. 2-85A). Staining for CD57 (Fig. 2-85B) is also fre- 
quently is positive. Negative reactions for desmin, AMACR, 
and epithelial membrane antigen are typical. Staining for 
S100 protein has been found to be strongly positive in 
the great majority of metanephric adenomas but this may 
depend upon the antibody that is used.5 Cytokeratin 7 may 
be negative (Fig. 2-85C) or focally positive, with expression 
usually present in elongate tubules.°°°* Positive staining for 
cytokeratin AE1/AE3, CAM 5.2, CK 18, and vimentin has 
also been reported.558560.562 


Genetics 

In most studies metanephric adenoma has shown a normal 
genotype or no consistent abnormality.*>® In particular, it 
has been demonstrated that these tumors lack gains of chro- 
mosomes 7 and 17, and loss of Y, typical of papillary renal 
cell carcinoma, nor the pattern of chromosomal gains and 
losses frequently present in Wilms tumors.°°°°* In two cases, 
abnormalities of chromosome 2 were noted.**°® The V600E 
mutation of BRAF is present in approximately 90% of meta- 
nephric adenomas.°” 


Differential Diagnosis 


At first inspection, metanephric adenoma brings Wilms 
tumor to mind because of the dense array of small blue cells 
and epithelial differentiation. However, the nuclei of meta- 
nephric adenoma are smaller and lack the elongation and 
tapered ends often present in the nuclei of epithelial cells 
in Wilms tumor. Further, mitotic figures are rare in meta- 
nephric adenoma and blastema is not present. Wilms tumor 
shows similar positive immunohistochemical reactions for 
a-methylacyl CoA racemase, WT1, and CK 7 to those of 
metanephric adenoma; however, reactions for CD57 and 
S100 are usually negative (Table 2-16).555558 

The other major consideration is type 1 papillary renal cell 
carcinoma because of the small cytoplasmic volume, papillary 
structures, and psammoma bodies. However, most metaneph- 
ric adenomas are composed mainly of arrays of fairly uniform 
structures resembling renal tubules in cross section. This 
architecture is not typical of papillary renal cell carcinoma. 
Additionally, metanephric adenomas often have long pointed, 
branching channels lined by epithelial cells. These are not 
found in papillary renal cell carcinoma, nor in Wilms tumor. 
The edema of papillary cores and collections of stromal foam 
cells, which are common in papillary renal cell carcinoma, 
are not typical of metanephric adenoma. Unlike metanephric 
adenoma, immunohistochemistry usually shows that type 1 
papillary renal cell carcinoma is negative for CD57 and WT1, 
and positive for CK 7 and a-methylacyl CoA racemase.555560 
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Figure 2-85 E A: Metanephric adenoma. Immunohistochem- 
istry with antibody to WT1 usually gives a strongly positive reaction 
in the nuclei of nearly all of the neoplastic cells. B: The reaction for 
CD57 is often strongly positive in the cytoplasm of the metanephric 
adenoma cells. C: The reaction with antibody to cytokeratin 7 is 
typically negative in the neoplastic cells. 


Table 2-16 @ METANEPHRIC ADENOMA— DIFFERENTIAL DIAGNOSIS 


Feature 


Metanephric Adenoma 


Wilms’ Tumor 


Papillary Renal Cell Carcinoma 


Age 
Sex (F:M) 
Clinical 


Gross 


Microscopic 


Special studies 


All ages 

Deal 

Incidental 
Polycythemia 

Single, circumscribed 
Nodular, gray-tan 

Most not encapsulated 


Closely packed tubules 
Small cells with little cytoplasm 


Keratin + (CK 7 —/+) 
Vimentin + 

WT1 ++ 

EMA neg (or weak +) 
CD57+ 

S100+ 

Racemase (AMACR) 
+/- 

No glycogen 


Middle to older age 

1:3-4 

Hematuria, flank pain, abdominal 
mass, incidental 

Multiple in 50% 

Thick capsule, red—brown 

Majority have capsule 

Tubulopapillary 

Basophil/eosinophil cells Foamy 
histiocytes 

Keratin + (CK 7 ++) 

Vimentin +/— 

WT1 negative 

EMA +++ 

CD57 uncertain 

S100 negative 

Racemase (AMACR) ++ 

Glycogen +/- 
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Children 

ileal 

Palpable mass 

Congenital anomalies 

Nodular, bulging 

Soft, gray—-white 

Triphasic—epithelial, 
mesenchymal and blastema 


Epithelium: Keratin +, 
Vimentin negative 
WT1 ++ 

EMA +/- 

CD57 + in tubules 


Cyclin-dependent kinase inhibitor 2A (CDKN2A), also 
known as p16, can be detected immunohistochemically in 
most metanephric adenomas with a positive nuclear reaction 
in 5% to 60% of cells (median = 25%).°” 


Prognosis and Treatment 


Metanephric adenoma appears to be a benign tumor. 
Metanephric adenoma within a regional lymph node has 
been described, and this was interpreted as passive seeding 
rather than metastatic spread.°”! 


Metanephric Adenofibroma 
Epidemiology and Clinical Features 


In 1992, Hennigar and Beckwith described five cases of a 
composite neoplasm in which an epithelial component iden- 
tical to metanephric adenoma was combined with a prolifera- 
tion of spindle cells.°” They proposed the name nephrogenic 
adenofibroma for this tumor; however, the term metanephric 
adenofibroma was later adopted to emphasize the close rela- 
tionship of these tumors to metanephric adenoma. 

The ages of the patients with metanephric adenofi- 
broma range from 13 months to 36 years (median 4 years). 
Metanephric adenofibroma may also occur in association 
with Wilms tumor and renal cell carcinoma. Patients in the 
former group are younger than those with pure metaneph- 
ric adenofibroma (range 5 to 33 months, median 9 months), 
while the latter are older (range 3 to 30 years, median 
11 years). One patient with composite Wilms tumor with 
metanephric adenoma had a sibling with clear cell sarcoma 
of kidney.*”°”? While the number of reported cases is small, 
there does not appear to be any gender predominance. 

While a significant proportion of tumors are incidental 
findings, other presenting features are hematuria, hyper- 
tension, urinary tract infection, and diarrhea.*’?°” Similar 
to metanephric adenoma, polycythemia appears to occur in 
about 10% of patients.°” 


Pathology 


Gross Features 

Metanephric adenofibromas are typically solitary firm bos- 
selated masses without capsules and with indistinct borders. 
Most metanephric adenofibromas have been small (median 
diameter = 4 cm), but a few have been larger than 10 cm.57575 
The tumors are yellow-tan on cut surface and may occasion- 
ally be papillary or cystic.°” 


Microscopic Features 

Metanephric adenofibroma is a composite tumor in which 
nests of epithelial elements, identical in morphology to 
metanephric adenoma, are embedded in spindle cell stroma. 
As for metanephric adenomas, the epithelial component con- 
sists of small acini, tubules, and papillary structures, usually 
with psammoma bodies. Mitotic figures are usually absent 
or rare, although occasional metanephric adenofibroma have 
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>5 mitotic figures/20 HPF. The stromal cells are fibroblast- 
like with pale eosinophilic cytoplasm, oval or fusiform 
nuclei, and inconspicuous nucleoli.*” Variable amounts of 
hyalinization and myxoid change are present and occasional 
glial-like areas may be seen.*” The stroma may show a con- 
centric pattern around entrapped tubules and angiodysplastic 
vessels. The relative proportion of the spindle cell and epi- 
thelial components varies and cases with minute epithelial 
foci have been described.*” The border of the tumor with the 
kidney is typically irregular and the stromal component may 
entrap renal structures as it advances. 

Reported cases of composite metanephric adenofibroma 
and renal cell carcinoma contain nodules of papillary or 
solid carcinomas within typical metanephric adenofibroma 
stroma. In composite metanephric adenofibroma with Wilms 
tumor the malignant component is epithelial predominant, 
without blastema.*”°”? 


Ancillary and Special Studies 

The stromal component is positive for CD34 in 80% of the 
tumors tested. Reactions for muscle-specific actin and desmin 
have been negative. The epithelial component is usually neg- 
ative or very focally positive for CK7. CK7 is diffusely posi- 
tive, however, in the carcinomatous component of composite 
metanephric adenofibroma with renal cell carcinoma.*? 


Genetics 
In one case of metanephric adenofibroma, trisomy of chro- 
mosome 11 was demonstrated.*” 


Differential Diagnosis 


Metanephric adenofibroma has a characteristic appearance 
and typical cases should not present diagnostic difficulty. In 
those tumors that are stromal predominant, extensive sam- 
pling should be undertaken as the epithelial component may 
be inconspicuous. 


Prognosis and Treatment 


Follow-up studies to date are limited. No recurrence of classic 
metanephric adenofibroma has been reported, even for cases 
that showed extension into the renal sinus. In a case reported as 
composite metanephric adenofibroma with carcinoma, meta- 
static spread of papillary carcinoma to regional lymph nodes 
was seen, although no follow-up details were available.*” 


Metanephric Stromal Tumor 
Epidemiology and Clinical Features 


Metanephric stromal tumors are benign neoplasms com- 
posed of stromal elements identical to the stroma of meta- 
nephric adenofibroma. It has been suggested that these 
tumors are related to Wilms tumor and may represent matu- 
ration of intralobar nephrogenic nests. 

Metanephric stromal tumors are rare; fewer than 50 cases 
have been reported. The majority of tumors were described 
in patients aged 11 years or younger, with a mean age at 
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presentation of 2 years,” although tumors in patients 
aged 15, 72, and 74 years have been reported.°’*5” There is 
no gender predisposition. 

The majority of cases have presented as an abdominal 
mass, while other presenting features have been hyperten- 
sion, hematuria, and abdominal pain.*’”’°” A single example 
has occurred in a patient with neurofibromatosis type | syn- 
drome.*° Unlike metanephric adenoma, metanephric stromal 
tumor does not appear to be associated with erythrocytosis. 


Pathology 


Gross Features 

Metanephric stromal tumor is typically lobulated and may be 
multifocal. When small, the tumors usually appear to be cen- 
tered on the renal medulla. The mean diameter of reported 
tumors is 5 cm, although occasional giant tumors up to 4 kg 
have been seen.°’”°” Metanephric stromal tumor usually has 
a tan cut surface, and more than 50% contain smooth-walled 
cysts. 


Microscopic Features 

These tumors are composed of spindle cells with pale eosin- 
ophilic cytoplasm. Often times the tumors contain areas of 
high cellularity and other areas with less cellularity. Focally, 
the stroma shows concentric growth around entrapped 
tubules and vascular spaces. Vessels often show angiodyspla- 
sia, while there may also be hyperplasia of juxtaglomerular 
cells in entrapped glomeruli. These changes are histologi- 
cally very similar to changes seen in the kidneys of patients 
with the neurofibromatosis type 1 syndrome.**° Islands of 
cartilage and glial nodules are present in 20% of cases.** The 
edge of the tumor abuts upon the renal parenchyma without 
forming a pseudocapsule, and usually shows early intrarenal 
extension to surround tubules adjacent to the tumor interface. 


Ancillary and Special Studies 

Metanephric stromal tumors show variable immunohisto- 
chemical expression, although most are focally positive for 
CD34 and are negative for cytokeratins, desmin, and S-100 
protein. 


Differential Diagnosis 


These tumors should be differentiated from congenital meso- 
blastic nephroma and clear cell sarcoma. Metanephric stro- 
mal tumor does not show the degree of tubular entrapment 
characteristic of mesoblastic nephroma, while a concentric 
growth pattern, glial differentiation, and positive immuno- 
histochemical reactions for CD34 are not found in cellular 
mesoblastic nephroma. Clear cell sarcoma has a typical 
branching vascular pattern not seen in metanephric stromal 
tumor, which unlike clear cell sarcoma, often has heterotopic 
glia or cartilage. 


Prognosis and Treatment 


All but one of the tumors reported to date have shown a 
benign course with no evidence of metastatic spread. A single 


instance of recurrence in the scrotum with infiltration of the 
epididymis has been reported.**! Lack of spread to other sites 
and substantial follow-up led the authors of that report to 
speculate that this was not blood or lymphatic metastasis, but 
perhaps migration down the processus vaginalis. 


Metanephric Adenosarcoma 


A single case of metanephric adenosarcoma has been 
reported in a 21-year-old woman.*” This tumor was 10 cm in 
diameter and was solid and cystic, with areas of hemorrhage. 
Histologically, the tumor had an epithelial component typical 
of metanephric adenoma and a malignant spindle cell stroma. 
The epithelium was positive for cytokeratin AE1/AE3, while 
the stroma was positive for vimentin, CD34, and CD117. 
FISH studies showed monosomy of chromosome X. The 
stromal component of the tumor had spread to lymph nodes 
at the time of diagnosis, and the patient died within 5 weeks. 


NEPHROBLASTIC TUMORS 


Wilms Tumor (Nephroblastoma) 
Introduction 


Wilms tumor constitutes more than 90% of renal tumors of 
childhood.**? Even in the first 6 months of life, Wilms tumor 
is the predominant renal neoplasm.** The origin of Wilms 
tumors was obscure for many years, but today nephrogenic 
rests are recognized as the precursors of Wilms tumors. 
Aggregates of cells resembling blastema have been found 
in pediatric autopsies and in kidneys resected from patients 
with Wilms tumors for decades.’ Bove and McAdams>** 
studied 69 kidneys resected for Wilms tumors and observed 
microscopic nodules of blastemal cells in a third of the 
cases. Based on these observations, they proposed a classi- 
fication based on histologic features, including categories of 
nodular renal blastema, metanephric hamartoma, and others. 
Subsequently, Beckwith et al.” proposed a new classifica- 
tion based on the extensive case material of the National 
Wilms’ Tumor Study Pathology Center (NWTS). The fol- 
lowing discussion is based on that work: Nephrogenic rests 
are foci of persistent nephrogenic cells resembling those of 
the developing kidney. These are divided into two catego- 
ries: perilobar nephrogenic rests, which are located at the 
periphery of the renal lobes (the cortical surfaces, the centers 
of the columns of Bertin, and the tissue abutting the renal 
sinus) (Fig. 2-86) and intralobar nephrogenic rests, which 
are located in the cortex or medulla within the renal lobe. 
In addition to the location, perilobar nephrogenic rests dif- 
fer from intralobar nephrogenic rests in having well-defined 
smooth borders, predominance of blastema, and are often 
numerous or diffuse. Intralobar nephrogenic rests usually are 
single and mingle irregularly with renal parenchyma; stroma 
is usually the predominant element. Nephrogenic rests are 
subclassified histologically as dormant or nascent; matur- 
ing, sclerosing, and obsolescent; hyperplastic; and neoplastic. 
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2-86 E Perilobar nephrogenic rest composed of 


FIGURE 
blastema. 


Tissue resembling nephrogenic rests is occasionally found 
outside the kidney in teratomas or in soft tissue of the pelvis 
or inguinal canal.°** 

Perilobar nephrogenic rests are present in approxi- 
mately 1% of infants younger than 3 months, a frequency 
two orders of magnitude greater than that of Wilms tumor 
(1 per 10,000), while intralobar nephrogenic rests are almost 
never seen except with Wilms tumor. Nephrogenic rests are 
extremely rare in adults.** Rarely, perilobar nephrogenic rest 
tissue may make up the entirety or a large part of the cor- 
tex of one or both kidneys, a condition called hyperplastic 
perilobar nephroblastomatosis (Fig. 2-87).°”° In patients with 
unilateral Wilms tumor, the NWTS found that perilobar and 
intralobar nephrogenic rests occur approximately equally 
frequently and are present in 41% of cases. However, neph- 
rogenic rests are present in more than 95% of patients with 


Figure 2-87 E Diffuse nephroblastomatosis in which the kid- 
ney is entirely replaced by nephrogenic rest tissue so that, while 
a reniform contour is retained, the distinction between cortex and 
medulla is no longer visible. 
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synchronous or metachronous bilateral Wilms tumor. Thus, 
careful examination of the grossly uninvolved renal tissue is 
important in cases of Wilms tumor, for the presence of neph- 
rogenic rests indicates a greater probability of synchronous 
or metachronous bilaterality.°”! 


Epidemiology and Clinical Features 


Wilms tumor occurs most frequently in children 2 to 4 years 
old (median ages for boys and girls, respectively, are 
37 and 43 months)” and is relatively uncommon in the first 
6 months of life and in children older than 6 years. Wilms 
tumor is rare in the neonatal period.®* While in children aged 
10 to 16 years, Wilms tumor remains the predominant renal 
tumor,’ the prevalence of renal carcinomas quickly over- 
takes it and in the age range 11 to 20 years, Wilms tumors 
account for only 30% of renal tumors.**° The incidence of 
Wilms tumors is about the same worldwide.*”’ There is a 
slight preponderance of girls’? Wilms tumor is bilateral 
in 4.4% of cases,” and patients with bilateral tumors aver- 
age more than a year younger than patients with unilateral 
tumors.” Associations with congenital anomalies, including 
cryptorchidism, hypospadias, other genital anomalies, hemi- 
hypertrophy, and aniridia are recognized.” As many as 5% 
of patients with Beckwith-Wiedemann syndrome develop 
Wilms tumor.®” Patients with the Drash syndrome also have 
an increased risk of developing Wilms tumor.®! A variety 
of other malformations are less frequently associated with 
Wilms tumor.” Prenatal and environmental risk factors 
for Wilms tumor include high birth weight, preterm birth, 
and maternal exposure to pesticides. Uncommonly, Wilms 
tumor has a familial association.* Wilms tumors are rare in 
adults and the stage at presentation and frequency of ana- 
plasia are higher than in children and response to therapy 
correspondingly less.60605 

Most children present with a painless abdominal mass, 
but a third present with pain, anorexia, vomiting, or malaise. 
Hypertension is the most common paraneoplastic manifesta- 
tion but erythrocytosis, hypercalcemia, Cushing syndrome, 
and acquired von Willebrand disease also occur.°°°’ Wilms 
tumor is rare in adults, and most cases are in young adults 
(median age approximately 24 years).%* Unfavorable histol- 
ogy occurs in 10% of adult cases and 5-year survival is more 
than 80%.°°8 


Pathology 


Gross Features 

Wilms tumors usually are large, more than 5 cm in diam- 
eter, and a third or more are larger than 10 cm.*”? Often the 
specimen weighs more than 500 g. The cut surface is typi- 
cally solid, soft, and gray or pink resembling brain tissue 
(Fig. 2-88). Foci of hemorrhage and necrosis are often pres- 
ent and cysts are common. Rarely, Wilms tumor is exten- 
sively cystic. The tumor usually is enclosed by a prominent 
pseudocapsule composed of compressed renal and perirenal 
tissues, giving an appearance of circumscription and even 
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Figure 2-88 E Wilms tumor is often a large multilobular 
tumor with areas of necrosis. 


true encapsulation. Polypoid growth in the renal pelvic cav- 
ity, mimicking sarcoma botryoides, is a feature associated 
with extensive skeletal muscle differentiation®°!! and may 
be mistaken for rhabdomyosarcoma. 


Microscopic Features 

Wilms tumor is typically composed of a variable mixture 
of blastema, epithelium, and stroma (Fig. 2-89), although 
in some tumors only one or two components are present. 


N t 


Figure 2-89 E 
stroma, and epithelial elements. 
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Figure 2-90 E Wilms tumor. Blastema with mitotic figures. 


Blastema consists of sheets or randomly arranged densely 
packed small cells with darkly staining nuclei, frequent 
mitotic figures, and inconspicuous cytoplasm (Fig. 2-90), 
resembling other “small blue cell tumors” of childhood. 
Blastema is commonly arranged in three patterns, serpen- 
tine, nodular, and diffuse. Serpentine and nodular are most 
common and diagnostically helpful, consisting of anasto- 
mosing serpiginous or spheroidal aggregates of blastema 
that are sharply circumscribed from the surrounding stromal 
elements. When blastema is the predominant (>66%) ele- 
ment, the tumors are called blastemal predominant Wilms 
tumors and there is some evidence that this morphologic 
variant has adverse prognostic significance with a 5-year 
survival of only 65%.° 

The epithelial component usually consists of small tubules 
or cysts lined by primitive columnar or cuboidal cells. The 
epithelium of Wilms tumor may also form structures resem- 
bling glomeruli, or may display mucinous, squamous, neu- 
ral? or endocrine differentiation.” Predominantly cystic 
Wilms tumor containing blastema and other Wilms tumor 
tissues in their septa are designated cystic partially differen- 
tiated nephroblastoma.*!*+°5 

The stroma of Wilms tumor may differentiate along the 
lines of almost any type of soft tissue. Loose myxoid and 
fibroblastic spindle cell stroma are most common, but smooth 
muscle, skeletal muscle (Fig. 2-91), fat, cartilage, bone, 
and neural components also are present in some tumors.”” 
Uncommonly, differentiation toward skeletal muscle is dif- 
fuse and predominant (>50%) and the diagnosis of fetal 
rhabdomyomatous nephroblastoma is indicated.%°!° The 
importance of recognizing fetal rhabdomyomatous nephro- 
blastoma lies in its relative resistance to chemotherapy.°!°“!® 
When complex combinations of differentiated heterologous 
epithelium and stroma are present and make up more than 
50% of the Wilms tumor, the term teratoid Wilms tumor has 
been applied.6!5-6% 

Wilms tumor that has been treated with chemotherapy 
before nephrectomy poses additional diagnostic challenges.‘ 
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FiGuRE 2-91 E Wilms tumor. Skeletal muscle differentiation 
in the stroma. 


If the tumor is completely necrotic, ghostly contours of tumor 
elements can be seen. Nephrogenic rests are strong evidence 
that the necrotic tumor was a Wilms tumor, and the pres- 
ence of the necrosis is supportive of the diagnosis since other 
types of renal neoplasia usually do not respond so completely 
to the chemotherapy given preoperatively. Distinction of 
hypocellular Wilms stroma from chemotherapy-induced 
changes can be difficult. The presence of rhabdomyoblasts 
would indicate that it is Wilms stroma and the presence of 
foamy macrophages would support the conclusion that it is 
chemotherapy effect. Estimation of the proportion of resid- 
ual blastema is done semiquantitatively and so is subjective. 
Recognition of focal versus diffuse anaplasia can be made 
difficult by low mitotic rate and the consequent difficulty in 
finding enlarged atypical anaplastic mitotic figures. 


Ancillary and Special Studies 
Immunohistochemistry is of some help in making the diag- 
nosis of Wilms tumor. Positive nuclear reactions for WT1 
are typical (approximately 90%) in blastema and primitive 
epithelial elements, but stroma and more differentiated epi- 
thelial elements usually give weak or negative reactions.°? 
PAX2 is demonstrable in nearly 100% of samples of Wilms’ 
epithelium and blastema but only about 25% of examples 
of Wilms stroma, while cellular congenital mesoblastic 
nephroma, clear cell sarcoma, rhabdoid tumor, PNET/ 
Ewings sarcoma, and neuroblastoma give negative results. 
CD56 is frequently positive in Wilms tumors (approximately 
96%), mainly in the epithelial and blastemal elements, while 
it is negative in metanephric adenomas.”** Gene expres- 
sion studies show some promise as aids to diagnosis.°> 
Evidence is emerging that positive immunohistochemical 
reactions for TP53 are predictive of unfavorable stage and 
poorer survival.°° 


Genetics 
Detection of deletions in 11p13 in patients with the Wilms 
tumor with aniridia, genitourinary anomalies, and mental 
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retardation syndrome (WAGR syndrome) led to the identi- 
fication of the Wilms tumor I gene (HUGO-approved gene 
symbol WTI) that encodes a transcription factor. In these 
cases, WTI is inactivated, suggesting that it is a tumor sup- 
pressor gene. WTZ also is inactivated in nephrogenic rests.°?’ 
Mutations in WTI are detected in only about 20% of Wilms 
tumors, so there are more genes implicated in the genesis 
of Wilms tumors.°* The family with sequence 123B gene 
(HUGO-approved gene symbol FAM123B) on Xq11.1 (also 
known as WTX for Wilms tumor on the X chromosome) 
plays a role in regulating the Wnt pathway and is mutated in 
about 20% of Wilms tumors. Mutations in FAM123B have 
been found in nephrogenic rests, suggesting that they occur 
early in carcinogenesis.” The catenin (cadherin-associated 
protein) beta 1, 88 kDa gene (HUGO-approved gene sym- 
bol CTNNB1) on 3p21 also codes for a protein regulating 
the Wnt pathway and is mutated in about 15% of Wilms 
tumors. The gene tumor protein 53 (HUGO-approved 
gene symbol 7P53) on 17p13.1 is a tumor suppressor gene 
that is mutated in about 5% of Wilms tumors and is associ- 
ated with anaplasia in Wilms tumors. Loss of heterozygosity 
or loss of imprinting on 11p15, a region in which genes for 
somatic overgrowth Beckwith-Wiedeman syndrome reside, 
occurs in many Wilms tumors and in nephrogenic rests.!°? 
Monosomy of chromosome 22 is common in Wilms tumor 
and has been found in hyperplastic and adenomatous nephro- 
genic rests. Gene expression profiling has shown promise 
as means of stratifying patients with Wilms tumors with dis- 
tinct differences in their pathologic and clinical features. 


Differential Diagnosis 


Fetal rhabdomyomatous nephroblastoma has a favorable 
prognosis and should not be misinterpreted as rhabdomyo- 
sarcoma. This tumor contains extensive areas of relatively 
mature skeletal muscle but lacks the malignant small cells 
and rhabdomyoblasts found in rhabdomyosarcoma. 

Monophasic epithelial Wilms tumor can be difficult to 
distinguish from renal cell carcinoma, especially in adoles- 
cents and adults. Recognition of the nuclear characteristics 
typical of the epithelium of Wilms tumor is often helpful. 
The epithelial nuclei in Wilms tumor are often elongate or 
ovoid with molded, sometimes wedged, shapes that differ 
from those of renal cell carcinoma that are usually nearly 
spherical. The distinction of Wilms tumor from rhabdoid 
tumor and clear cell sarcoma is discussed below. 


Prognosis and Predictive Factors 


In the 1930s, the mortality for children with Wilms tumors 
was approximately 70%. Today, approximately 80% of 
patients are cured by the initial therapy, and about half 
of those who relapse are cured by salvage therapy. In the 
United States and Canada, patients are treated with proto- 
cols developed by the National Wilms Tumor Study Group 
in which primary nephrectomy and pathologic diagnosis 
are used while in Europe the protocols developed by the 
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Figure 2-92 E Wilms tumor showing anaplasia with mark- 


edly enlarged and pleomorphic nuclei and a very large atypical 
mitotic figure. 


International Society of Pediatric Oncology (SIOP) call 
for initial treatment with neoadjuvant chemotherapy.”° 
Overall survival is similar with either protocol and is now 
90%.567The co-operative groups are presently focusing on 
the development of protocols, which maintain the high rate 
of survival while reducing late effects of treatment.%* 
Based on the results of the NWTS, Wilms tumor is 
divided into categories of favorable and unfavorable his- 
tology, depending on the absence or presence of anaplasia 
(Fig. 2-92). Among patients with favorable histology, those 
with predominance of epithelial or stromal elements after 
preoperative chemotherapy in SIOP protocols appear to 
have a better prognosis than those with large amounts of 
blastema.“! Anaplasia is found in approximately 11% of 
cases of Wilms tumor. It is rare in patients younger than 
1 year, and more than 80% of patients with anaplasia are older 
than two.™? Early in the NWTS, the presence of anaplasia 
was found to be predictive of treatment failure and death.“ 
However, anaplasia in a stage | Wilms tumor and anaplasia 
limited to discrete foci within a primary tumor have little or 
no adverse prognostic significance.“>° Anaplasia has been 
defined by the NWTS as the combination of cells with very 
large hyperchromatic nuclei and multipolar mitotic figures. 
Correct recognition of anaplasia demands good histologic 
preparations, including proper fixation, sectioning, and 
staining. The enlarged nuclei must be at least three times 
as large as typical blastemal nuclei in both axes, and the 
hyperchromasia must be obvious. In addition to the enlarged 
nuclei, hyperdiploid mitotic figures must be present. Several 
points should be borne in mind when evaluating a Wilms 
tumor for anaplasia. First, enlarged nuclei in skeletal mus- 
cle fibers in the stroma of Wilms tumors are not evidence 
of anaplasia. Second, the criteria for abnormal hyperdiploid 
mitotic figures are quite strict, demanding not only structural 
abnormalities but also enlargement of the mitotic figure 
as evidence of hyperploidy. Occasionally, mitotic figures of 


normal ploidy appear multipolar due to artifact, but these 
are much smaller than the hyperploid mitotic figures of ana- 
plasia; comparison with the normal-sized mitotic figures in 
blastema elsewhere in the tumor facilitates this determina- 
tion. In NWTS 5, 11% of the patients had anaplastic histol- 
ogy and even the patients in stage I had dramatically poorer 
4-year survival rates than those with favorable histology.‘ 
Lymph node dissection is recommended for patients with 
stage II anaplastic Wilms tumors.” 

The effects of preoperative chemotherapy are often dra- 
matic, and it has been suggested that these tumors be clas- 
sified as completely necrotic tumors when after adequate 
sampling <1% of the tumor is seen to be viable. Tumors 
with greater proportions of viable tissue may be classified as 
intermediate tumors if <66% of the remaining viable tumor 
is blastema. Tumors are considered blastemal predominant 
if at least 66% of the remaining viable tumor is blastema. 
The last category is anaplastic tumors, and these must meet 
the criteria for focal or diffuse anaplasia. It is estimated that 
about 10% of the tumors will be completely necrotic tumors, 
10% will be blastemal predominant tumors, 10% will be 
anaplastic tumors, and the majority will be intermediate 
tumors.** 

Some genetic abnormalities have prognostic signifi- 
cance. Mutation of WTI and loss of heterozygosity at 11p15 
are predictive of relapse in very low risk Wilms’ tumors 
treated with surgery alone.“ Loss of heterozygosity at Ip 
and at 16q also indicate increased risk for relapse. More 
complex gene expression profiles also appear predictive for 
relapse.*! 

Both the Children’s Oncology Group in the United States 
and the SIOP have established staging schemes for Wilms 
tumor and other pediatric renal malignancies (Table 2-17). 
The two systems are largely similar. In order to accurately 
stage the tumors, most sections should be taken at the periph- 
ery and selected to show the relationship between the tumor 
and the renal capsule, renal parenchyma, and renal sinus. 
Sections showing the juxtaposition of the tumor pseudocap- 
sule and renal capsule facilitate evaluation of spread outside 
the kidney. The kidney is a concave organ and the renal sinus 
is within the contour of the kidney and its interface with the 
renal parenchyma is irregular and follows along the vessels. 
Lymph nodes containing small aggregates of metastatic 
Wilms tumor cells in the subcapsular sinuses that are not 
recognized at the original institution are a common cause 
for upstaging upon central pathology review.“ Biopsy of 
the tumors has been recommended to discover anaplasia and 
guide therapy.°” The College of American Pathologists has 
developed a synoptic report that is recommended for use 
with pediatric tumors (Table 2-18). 


Cystic Partially Differentiated Nephroblastoma 
Introduction 


Joshi et al.“ introduced the concept of cystic partially dif- 
ferentiated nephroblastoma in 1977 with a report of 3 new 
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Table 2-17 m STAGING SYSTEM FOR RENAL 


TUMORS OF CHILDHOOD 


Stage | 
Tumor is limited to the kidney or surrounded by a fibrous 
capsule (pseudocapsule) 
Tumor can protrude into the renal pelvis or ureter 
Intrarenal vessel involvement can be present 


Stage || 
Viable tumor penetrates into perirenal fat but not to 
surgical resection margin 
Viable tumor infiltrates the soft tissue of the renal sinus 
Viable tumor infiltrates blood or lymphatic channels 
outside of kidney but is completely resected 
Viable tumor infiltrates the renal pelvis or ureter wall 
Viable tumor infiltrates adjacent organs or vena cava but is 
completely resected 
Stage Ill 
Viable or nonviable tumor extends beyond the resection 
margins 
Any abdominal lymph nodes are involved 
Tumor rupture before or intraoperatively (irrespective of 
other criteria) 
Tumor has penetrated through the peritoneal surface 
Tumor implants are present on the peritoneal surface 
Tumor thrombi are present at resection margins of 
vessels or ureter (or removed piecemeal 
by surgeon) 
Tumor has been surgically biopsied (wedge biopsy) prior 
to preoperative chemotherapy or surgery 
Stage IV 
Hematogenous metastases (lung, liver, bone, brain, etc.) 
or lymph node metastases outside the abdominal- 
pelvic region 
Stage V 
Bilateral renal tumors at diagnosis (each side substaged 
as above) 


cases and a review of 10 cases from the literature, proposing 
it as a variant of Wilms’ tumor curable by surgery. Additional 
reports followed,°'*°? and in 1989 Joshi and Beckwith* 
proposed terminology and criteria for the diagnosis that were 
later modified by Bonsib and Eble.*!” 


Epidemiology and Clinical Features 


Cystic partially differentiated nephroblastoma is rare. Only 
21 patients received that diagnosis among the 5,100 patients 
enrolled in the National Wilms’ Tumor Study from 1981 
through 2000.°° Similarly, in Europe the SIOP studies 
from 1993 to 2004 found only 7 cases of cystic partially 
differentiated nephroblastoma among 1,245 children who 
were enrolled. In these populations, 22 of the children 
were boys and 6 were girls. The mean age at diagnosis 
in the NWTS was 15 months and in the SIOP population 
11 months. In the NWTS group, the ages ranged from 
5 months to 44 months and five patients were 24 months 
old or older. One patient had bilateral cystic partially dif- 
ferentiated nephroblastomas. 
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Pathology 


Gross Features 

Cystic partially differentiated nephroblastomas are well- 
circumscribed encapsulated tumors composed entirely of cysts 
of various sizes. The presence of one or more solid nodules 
indicates that the tumor is an extensively cystic Wilms tumor 
and precludes the diagnosis of cystic partially differentiated 
nephroblastoma. In 1990, Joshi and Beckwith’ recognized 
that cystic partially differentiated nephroblastomas occasion- 
ally have papillary or nodular structures protruding into the 
lumens from the walls of some of the cysts and designated this 
as a papillonodular variant of cystic partially differentiated 
nephroblastoma.*’ Subsequently, another case was reported, 
illustrating the capability of magnetic resonance imaging to 
discern the papillonodular architecture preoperatively.®* 


Microscopic Features 

The cysts are mostly lined by flattened, cuboidal, or hobnail 
epithelium. Occasionally, some of the lining epithelium may 
consist of immature-looking cells with dark nuclei or of cells 
containing mucin.°* The septa contain variable amounts and 
combinations of Wilms’ tumor tissues such as tubules, blunt 
papillae in small cysts reminiscent of glomeruli, blastema, and 
immature mesenchyme. Stroma with skeletal muscle or carti- 
laginous differentiation is occasionally seen.*” In the papil- 
lonodular variant, the sorts of tissue seen in the septa are also 
found in the papillae or nodule protruding into the lumens. 


Ancillary and Special Studies 
Ancillary and special studies play little role in establishing the 
diagnosis of cystic partially differentiated nephroblastoma. 


Differential Diagnosis 


Cystic partially differentiated nephroblastoma grossly resem- 
bles cystic nephroma. Whether tumors with this gross appear- 
ance in which Wilms’ tumor elements, such as blastema, 
Wilms’ tumor epithelium, or stroma with skeletal muscle 
differentiation are not found should be considered extreme 
examples of cystic partially differentiated nephroblastoma or 
diagnosed as cystic nephroma is unclear and controversial. 
A review of the literature shows that patients with tumors 
considered to be cystic nephroma in children had a predomi- 
nance of boys, while adult patients with cystic nephroma are 
mainly women, so if a second type of tumor with this gross 
appearance arises in children it is a different tumor than what 
is diagnosed as cystic nephroma in adults.* Since the ele- 
ments typical of Wilms tumor may be inconspicuous, cystic 
renal tumors in children should be sampled extensively before 
cystic partially differentiated nephroblastoma is excluded. 
A weakness of studies based upon specimens referred to a 
central laboratory®™ is variable and sometimes inadequate 
sampling performed at the referring institutions. 

Cystic Wilms tumors may grossly and radiographically 
resemble cystic partially differentiated nephroblastoma. 
Thorough dissection of the specimen, looking for expansile 
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Table 2-18 m COLLEGE OF AMERICAN PATHOLOGISTS RECOMMENDED CANCER CASE SUMMARY 


FOR PEDIATRIC RENAL TUMORS (2012) 


Procedure 


____ Partial nephrectomy 

___ Radical nephrectomy 

— Bilateral partial nephrectomies 
___ Other (specify) 
— Not specified 


Specimen Size 


Kidney dimensions: __ xX ____ x ___cm 
Weight: g 


Specimen Laterality 


— Right 
— Left 
— Not specified 


+Tumor Site(s) (select all that apply) 


+___ Upper pole 
+___ Middle 

+___ Lower pole 
+ Other (specify) 
+___ Not specified 


Tumor Size 


Greatest dimension: ___ cm 

+Additional dimensions: __ x ____ cm 

— Cannot be determined (provide Comment) 

For specimens with multiple tumors, specify greatest 
dimension of each additional tumor 

Greatest dimension tumor #2: ____ cm Etc. 


Tumor Focality 


____ Unifocal 

___ Multifocal 

Number of tumors in specimens (specify): 
____ Indeterminate 

___ Cannot be assessed 


Macroscopic Extent of Tumor 


Gerota fascia 

___ Gerota fascia intact 

— Gerota fascia disrupted 

____ Indeterminate 

___ Cannot be assessed 

Renal Sinus 

— Renal sinus involvement by tumor not identified 

___ Tumor minimally extends into renal sinus soft 
tissue 

— Tumor extensively involves renal sinus soft 
tissue 

___ Tumor involves lymph-vascular spaces in the renal 
sinus 

Renal Vein 

— Renal vein invasion present 

___ Renal vein invasion not identified 

— Indeterminate 
Cannot be assessed 


Stage—see Table 2.17 


Adjacent Organ Involvement 

___ Tumor extension into adjacent organ present (specify 
organ): 

— Tumor extension into adjacent organ not identified 


Histologic type (select all that apply) 


___ Wilms’ tumor, favorable histology 

— Wilms’ tumor, focal anaplasia 

— Wilms’ tumor, diffuse anaplasia 

___ Congenital mesoblastic nephroma, classical 
— Congenital mesoblastic nephroma, cellular 
— Congenital mesoblastic nephroma, mixed 
— Clear cell sarcoma 

___ Rhabdoid tumor 

— Other (specify): 

— Malignant neoplasm, type indeterminate 


+Nephrogenic Rests (select all that apply) 


+___ Nephrogenic rests not identified 
+___ Nephrogenic rests present 
+___ Nephrogenic rests, intralobar 
+___ Nephrogenic rests, perilobar 
+___ Diffuse, hyperplastic 
+__ Multifocal 
+_ Focal 
+___ Nephrogenic rests, unclassified 
+___ Cannot be assessed 


Margins (select all that apply) 


___ Cannot be assessed 
— Margin involvement by tumor not identified 
Distance of tumor from closest margin: ___ mm or ____ cm 
Specify margin: 
___ Margin(s) involved by tumor 
— Gerota fascia 
— Renal vein 
— Inferior vena cava 
— Ureter 
— Other (specify): 


Lymph Nodes 


— Regional lymph node metastasis not identified 

— Regional lymph node metastasis present (specify site, if 
known): 

— No nodes submitted or found 

Number of lymph nodes examined 

Specify: ___ 

— Number of lymph nodes cannot be determined 
(explain): 

Number of lymph nodes involved 

Specify: ___ 

___ Number cannot be determined (explain): 


Distant Metastasis 


— Not applicable 
— Distant metastasis present 
+Specify site(s) if known: 


+ Data elements preceded by this symbol are not required. However, these elements may be clinically important but are not yet validated or regu- 


larly used in patient management. 


Reproduced from Hill DA, Amin MB, Bowen J, et al. Protocol for the examination of specimens from pediatric patients with Wilms tumors. 
In: Washington K, ed. Reporting on Cancer Specimens. Case Summaries and Background Documentation. Northfield, IL: College of American 


Pathologists; 2012, with permission. 
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solid nodules, must be performed and none found, before 
a diagnosis of cystic partially differentiated nephroblastoma 
can be made. 


Prognosis and Treatment 


Cystic partially differentiated nephroblastoma is almost 
always cured by nephrectomy or partial nephrectomy.°°*! 
Recurrence has been reported in less than a handful of 
cases.°+°* For stage I patients, chemotherapy may do more 
harm than good and the role of chemotherapy in the treat- 
ment of patients with cystic partially differentiated nephro- 
blastoma is very limited.“*> 


MESENCHYMAL TUMORS—OCCURRING MAINLY 
IN CHILDREN 


Congenital Mesoblastic Nephroma 


Introduction 


Congenital mesoblastic nephroma is a mesenchymal neoplasm 
that occurs in infants and accounts for approximately 3% to 4% 
of renal tumors of childhood.°* While these tumors were first 
recognized in 1966° and have been described under several 
names, the terminology “congenital mesoblastic nephroma” 
that was coined by Bolande®® in 1967 is now standard. Based 
upon morphology and genetics, congenital mesoblastic 
nephromas are classified as classic, cellular, or, occasionally, 
mixed. The classic type makes up about 30% of cases, the cel- 
lular type about 50%, and a mixture of the two in about 20%. 


Epidemiology and Clinical Features 


Although comprising <3% of primary renal tumors in chil- 
dren, mesoblastic nephroma is the predominant renal neo- 
plasm in the first 3 months of life, and is uncommon after 
6 months.°”* The median age at presentation is 2 months or 
less.° That a tumor is present is recognized before birth in 
more than 10% of cases.° Only 10% of cases are diagnosed 
in the 2nd year and in patients older than 24 months, the diag- 
nosis should be regarded with suspicion. Polyhydramnios and 
prematurity are associated with this tumor.” An abdomi- 
nal mass is almost always the presenting finding, and with 
the widespread use of prenatal ultrasonography, the tumors 
are frequently recognized before birth. A few congenital 
mesoblastic nephromas have been reported in patients with 
Beckwith-Wiedemann syndrome. Some patients have been 
hypercalcemic, and this has been attributed to paraneoplas- 
tic production of prostaglandin E. Hyper-reninism, appar- 
ently caused by secretion by juxtaglomerular cells entrapped 
within the tumor, is fairly common. 


Pathology 


Gross Features 
Congenital mesoblastic nephroma is usually large relative to 
the infant’s kidney. Prenatal ultrasonographic examinations 
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FIGURE 
periphery, this solid off-white fleshy tumor infiltrates the renal 
parenchyma. 


2-93 E Congenital mesoblastic nephroma. At its 


have revealed some smaller ones. Externally, the surface 
of the tumor and kidney is smooth, and the renal capsule 
and calyceal systems are stretched over the tumor. The sur- 
face may be bosselated. The cut surface resembles that of a 
leiomyoma: firm, whorled or trabeculated, and light colored 
(Fig. 2-93).° Renal vein invasion also occurs occasionally. 
Cysts, hemorrhage, and necrosis are present in some tumors, 
particularly those that are cellular on microscopic examina- 
tion. The tumor is unencapsulated, typically interdigitates 
with the surrounding kidney, and may extend into surround- 
ing tissues, particularly in the renal sinus. The medial margin 
of the nephrectomy specimen must be carefully examined to 
establish that it is free of neoplasm. 


Microscopic Features 
The classical pattern of congenital mesoblastic nephroma 
described by Bolande®” is a moderately cellular prolifera- 
tion of thick interlacing bundles of spindle cells with elon- 
gate nuclei that usually infiltrate renal and perirenal tissues 
(Fig. 2-94). Entrapment of glomeruli and renal tubules is com- 
mon. The spindle cells resemble smooth muscle cells or myofi- 
broblasts (Fig. 2-95). Mitotic figures are usually in the range of 
0 to 1 per 10 high power fields.® Islands of cartilage and foci 
of extramedullary hematopoiesis are present in some tumors. 
Cellular congenital mesoblastic nephroma was recog- 
nized later.‘ It consists of a densely cellular proliferation of 
polygonal cells (Fig. 2-96) with mitotic figures in the range of 
8 to 30 per 10 high power fields, and often pushing borders. 
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sic form is highly infiltrative and entraps tubules and glomeruli. 


Moderate nuclear pleomorphism may be present. Cysts 
are common in this pattern. Prominent nucleoli and foci 
of necrosis may be present. Mixed congenital mesoblastic 
nephromas usually are composed of nodules of cellular con- 
genital mesoblastic nephroma arising within sheets of classic 
congenital mesoblastic nephroma. This appearance suggests 
that cellular congenital mesoblastic nephroma might some- 
times arise from classic congenital mesoblastic nephroma. 


Ancillary and Special Studies 

Both classic and cellular types give positive immunohisto- 
chemical reactions for vimentin, desmin, actin, and fibronec- 
tin. They are typically unreactive with antibodies to laminin, 
cytokeratins, and S-100 protein. Positive reactions with anti- 
bodies to WT1 have been reported but this appears at best to 
be an inconsistent finding. Nestin can be detected in almost 
all congenital mesoblastic nephromas.*” 
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consists of elongate spindle cells resembling smooth muscle cells 
or myofibroblasts. 
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Figure 2-96 E Congenital mesoblastic nephroma. The cellu- 
lar form consists of short spindle cells which are densely packed. 
A few mitotic figures are visible. 


Genetics 
Cellular congenital mesoblastic nephromas typically have a 
translocation [t(12;15)(p13;q25)] that results in the fusion 
of the gene ets variant 6 (HUGO-approved gene symbol 
ETV6) on chromosome 12p13 with the gene neurotrophic 
tyrosine kinase, receptor, type 3 (HUGO-approved gene 
symbol NTRK3) on chromosome 15q24-q25.°%°* This 
mutation is also found in infantile fibrosarcoma arising in 
other parts of the body, and cellular congenital mesoblastic 
nephroma and infantile fibrosarcoma are very similar in his- 
tologic appearance. Classic congenital mesoblastic nephro- 
mas lack this gene fusion, as does infantile fibromatosis, 
which they closely resemble. For classic congenital meso- 
blastic nephroma, no consistent genetic abnormalities have 
been discovered.°” Detection of the gene fusion in paraffin- 
embedded tissue is possible and can be of diagnostic assis- 
tance.°”’ Gene expression profiling shows promise for aiding 
in the diagnosis of congenital mesoblastic nephroma.*° 

The few examples of “mixed” congenital mesoblastic 
nephroma that have been tested have been found to contain 
the fusion.°%4°”> 


Differential Diagnosis 


Congenital mesoblastic nephroma usually is easily diag- 
nosed when the histology and patient age are considered. 
Wilms tumor with stromal predominance may be confused 
with congenital mesoblastic nephroma, particularly Wilms 
tumor, which has been treated preoperatively and con- 
tains much spindle cell stroma. This problem can usually 
be resolved by the identification of blastema, which is not 
found in mesoblastic nephroma. Skeletal muscle differentia- 
tion is not found in congenital mesoblastic nephroma. Also, 
Wilms tumor usually has sharply circumscribed borders, 
whereas those of mesoblastic nephroma often are infiltrative. 
Age assists in making the correct diagnosis, and bilaterality 
favors Wilms tumor. 
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The differential diagnosis with clear cell sarcoma is impor- 
tant. Some laboratory findings (hypercalcemia, hyperreninism) 
weigh in favor of congenital mesoblastic nephroma, while 
the detection of metastases (particularly to bone) weighs in 
favor of clear cell sarcoma. Microscopically, the presence 
of cartilage is evidence in favor of congenital mesoblastic 
nephroma, while the presence of any of the variant patterns 
recognized in clear cell sarcoma weighs against congenital 
mesoblastic nephroma. A high mitotic rate weighs in favor 
of congenital mesoblastic nephroma, as does the pres- 
ence of extensive infiltration at the periphery of the tumor. 
Extensive sclerosis weighs in favor of clear cell sarcoma. 
Immunohistochemically, a positive reaction for actin or des- 
min is evidence for congenital mesoblastic nephroma. 

Although both occur in the same age group, congenital 
mesoblastic nephroma, even the cellular variant, and rhab- 
doid tumor are usually easily distinguished. In cases of con- 
genital mesoblastic nephroma with exceptionally prominent 
nucleoli, immunohistochemistry for actin is expected to be 
positive, while rhabdoid tumors may react positively with 
antibodies to cytokeratins and epithelial membrane antigen. 


Prognosis and Treatment 


The vast majority of patients are cured by surgical resection, 
with 5-year overall survival of approximately 95%,°85678 68 
Local recurrences or metastases, or both, have occurred in 
approximately 7% of cases, principally in patients older 
than 3 months at presentation.**'°*? Mesoblastic nephroma 
has infiltrative borders, which the surgical pathologist must 
study carefully because the risk of recurrence appears to 
be dependent upon the completeness of the resection. 
Metastasis is rare.“ The principal risk factors for recurrence 
or metastasis appear to be cellular morphology, stage II 
(NWTS staging system) or greater, and vascular invasion.°*° 


Clear Cell Sarcoma of Kidney 
Epidemiology and Clinical Features 


Originally called “bone-metastasizing renal tumor of child- 
hood” by Marsden and Lawler,**’ clear cell sarcoma*** is a 
highly malignant neoplasm resistant to conventional therapy 
for Wilms’ tumor, but often responsive to doxorubicin- 
containing regimens. Thus, it is of considerable therapeutic 
importance that clear cell sarcoma be correctly diagnosed. 
Occurring in the same general age range as Wilms tumor, 
clear cell sarcoma constitutes approximately 6% of pediat- 
ric renal tumors.’ Most are diagnosed in patients between 
12 and 36 months of age. Approximately 66% of the patients 
are male. In a review of 351 cases from the NWTS, only one 
clear cell sarcoma was associated with a perilobar nephrogenic 
rest and none was associated with an intralobar nephrogenic 
rest.©° No association with developmental syndromes nor any 
familial predisposition has been discovered. The propensity 
for metastasis to bone is marked; it is at least ten times more 
likely to metastasize to bone than other pediatric renal cancers. 


Chapter 2 W Tumors of the Kidney 139 


Figure 2-97 W Clear cell sarcoma of kidney. The tumor is 
unifocal and contains a few cysts and an area of necrosis. 


Pathology 


Gross Features 

The appearance of the cut surfaces of this tumor is variable: 
it may be homogeneous, gray and lobular or variegated, 
including firm gray whorled tissue and light pink soft areas 
(Fig. 2-97).! Cysts ranging from a few millimeters to centi- 
meters in diameter are present in nearly all tumors and may 
be so extensive as to bring cystic nephroma to mind.°”° Foci 
of necrosis and hemorrhage are present in more than 70% of 
tumors.°° Often, the tumor weighs more than 500 g.®! 
Bilaterality has not been reported.° 


Microscopic Features 

At low magnification, clear cell sarcoma of kidney usually 
consists of a monotonous sheet of cells with lightly stain- 
ing cytoplasm. At higher magnification, it is apparent that 
the cells are arranged in cords separated by septa composed 
of spindle cells with dark nuclei and a distinctive branch- 
ing pattern of small blood vessels (Fig. 2-98).°” The cells in 
the cords have pale or vacuolated cytoplasm and indistinct 
borders. Despite the name, the cytoplasm of clear cell sar- 
coma is usually much less clear than that of clear cell renal 
cell carcinoma and cytoplasmic clarity should not be relied 
upon to establish the diagnosis. The nuclei contain finely dis- 
persed chromatin and the nucleoli are small. These nuclear 
characteristics are helpful in distinguishing clear cell sar- 
coma from rhabdoid tumor. A characteristic feature is the 
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Figure 2-98 W Clear cell sarcoma of kidney. The tumor con- 
sists of cord cells with pale cytoplasm and nuclei with open chro- 
matin and inconspicuous nucleoli and septal cells that are spindle 
shaped and have darkly basophilic nuclei. The septal cells form a 
network about the cord cells. 


infiltrative border between the clear cell sarcoma and the 
surrounding renal parenchyma; renal tubules are frequently 
seen surrounded by the sarcoma.®! While more than 90% of 
tumors are composed either predominantly or secondarily of 
the classical pattern described above, a majority also contain 
one or more variant patterns.°° These confusing varia- 
tions on the classical appearance include myxoid pattern, 
which is present in 50% of tumors (Fig. 2-99), sclerosing 
pattern (present in 35% of tumors), cellular pattern (pres- 
ent in 25% of tumors), palisading pattern (present in 11% 
of tumors), spindle cell pattern (present in 7% of tumors), 
storiform pattern (present in 4% of tumors), and anaplastic 
pattern (present in 3% of tumors). The tumor should be 
sampled generously to find areas in which the septal vascular 
pattern and finely dispersed chromatin and small nucleoli in 
the nuclei of the cord cells indicate the correct diagnosis. 


ose yes 


Fic URE 2-99 r Clear cell sarcoma xof kidney. In this myxoid 
variant, the characteristic architecture of cords and septa is obscured. 


Ancillary and Special Studies 

Clear cell sarcomas react immunohistochemically with few 
antibodies. Reactions for vimentin can be elicited in essen- 
tially all tumors. Weak staining for actin is found in less than 
half of tumors but desmin is not detectable. Markers for 
epithelial differentiation (AE1/3, CAM 5.2, epithelial mem- 
brane antigen) are not detectable. Results with antibodies to 
S100 protein, synaptophysin, glial fibrillary acidic protein, 
leukocyte-common antigen, neuron-specific enolase, carci- 
noembryonic antigen, CD34, and factor 8 were negative.*” 


Genetics 

The genetics of clear cell sarcoma of the kidney include 
translocation (10;17) and deletions in 14q.% The transloca- 
tion (10;17) results in rearrangement of YWHAE on chro- 
mosome 17 and FAM22 on chromosome 10 and fusing the 
two genes.°> Gene expression profile studies indicate that 
genes for neural markers, in the Sonic hedgehog pathway 
and in the phosphoinositide-3-kinase/AKT pathway, are 
likely to be important in the development of clear cell sar- 
coma of kidney.°” 


Differential Diagnosis 


In distinguishing clear cell sarcoma of kidney from Wilms 
tumor, some pertinent negatives are important: blastema is 
not found in clear cell sarcoma; nonrenal elements such as 
cartilage or muscle are not found in clear cell sarcoma; clear 
cell sarcoma is unilateral and unicentric, and sclerotic stroma 
is uncommon in Wilms tumor before therapy. The distinctive 
vascular pattern of clear cell sarcoma is often helpful in distin- 
guishing it from Wilms tumor. The border with the kidney is 
usually infiltrative while the border of Wilms tumor is typically 
“pushing.” Exceptionally, clear cell sarcoma of kidney may 
contain foci in which the cells have prominent nucleoli, similar 
to those of rhabdoid tumor of kidney; other areas with patterns 
typical of clear cell sarcoma usually will clarify the diagnosis. 


Prognosis and Treatment 


The most important factors for survival are treatment with 
doxorubicin, stage (NWTS 5 definitions), age at presentation, 
and tumor necrosis, but tumor necrosis was not significant 
when relapse-free survival was the end point.°”° Today, the 
overall survival rate for stage 1 patients is close to 100%.°8 

By far the most common site of metastases at presentation 
is to lymph nodes (present in almost 30% of cases), while the 
most common sites of recurrence are bone, lung, abdominal 
and retroperitoneal spaces, and brain.”°°” Twenty percent or 
more of metastases appear 3 years or more after original pre- 
sentation and some as long as 10 years later. 


Rhabdoid Tumor of Kidney 
Epidemiology and Clinical Features 


Rhabdoid tumor of the kidney was first recognized by 
Beckwith and Palmer in 1978, when it was considered a 
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possible rhabdomyosarcoma-like manifestation of Wilms 
tumor.‘ Shortly thereafter, it was recognized as an entity 
independent of Wilms tumor, and the name “rhabdoid tumor 
of the kidney” was applied.” 

Patients with rhabdoid tumors of the kidney made up only 
1.5% of 9,232 patients with renal tumors registered in the 
National Wilms Tumor Study between 1969 and 2002.” 
The patients usually are very young at the time of diagno- 
sis (NWTS median age 11 months and SIOP median age 
13 months) and rare after 3 years.” The oldest patient 
with rhabdoid tumor of kidney reported by the NWTS and 
SIOP was 9 years old.” There is a 1.4:1 predominance 
of boys over girls.” Associations with atypical teratoid/ 
rhabdoid tumors of the central nervous system’ in 10% to 
15% of patients and paraneoplastic hypercalcemia” are 
recognized. 


Pathology 


Gross Features 

Rhabdoid tumor lacks the appearance of encapsulation 
often seen in cases of Wilms tumor or clear cell sarcoma. 
The tumors usually are located medially in the kidney, and 
the renal sinus and pelvis are almost always infiltrated.” 
They are typically yellow-gray or light tan easily fragmented 
tumors with indistinct borders (Fig. 2-100). Necrosis and 
hemorrhage are common. 


Figure 2-100 E Rhabdoid tumor of kidney. This bulky multi- 
lobular tumor has replaced the kidney except for part of the collect- 
ing system and shows foci of hemorrhage and necrosis. 
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Figure 2-101 EŒ Rhabdoid tumor of kidney. The tumor grows 


as infiltrative sheets of undifferentiated malignant cells with promi- 
nent nucleoli. 


Microscopic Features 

Rhabdoid tumor of kidney is typically diffuse and monoto- 
nous, consisting of medium or large polygonal cells with 
abundant eosinophilic cytoplasm and round nuclei with thick 
nuclear membranes and large nucleoli (Fig. 2-101). It is the 
resemblance of the cytoplasm of these cells to differentiating 
rhabdomyoblasts that gave the tumor its name (Fig. 2-102).°* 
However, the resemblance to skeletal muscle is merely 
superficial, and if definite evidence of differentiation toward 
skeletal muscle is present, the tumor is not a rhabdoid tumor. 
Often, the cytoplasm contains a large eosinophilic globular 
inclusion that displaces the nucleus. Electron microscopy 
has shown that these consist of aggregates of whorled fila- 
ments.’°’ As more cases have accrued to the NWTS, a wide 
range of patterns has been appreciated, including sclerosing, 
epithelioid, spindle cell, lymphomatoid, vascular, pseudopap- 
illary, and cystic.’° Typically, these patterns are mixed with 
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Figure 2-102 E Rhabdoid tumor of kidney. The eosinophilic 
globules that displace the nuclei bring rhabdomyoblasts to mind 
and are the reason for the name of this tumor. 
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the common pattern and with each other. The characteristic 
nuclear features of large centrally placed nucleoli and thick 
nuclear membranes are usually retained. 


Ancillary and Special Studies 

Immunohistochemistry shows a negative reaction for 
SMARCBI/INI1 in 98% or more of rhabdoid tumors.” 
Expression of epithelial, neural, and mesenchymal mark- 
ers, including cytokeratins and epithelial membrane antigen, 
S100 protein, neuron-specific enolase, synaptophysin, glial 
fibrillary acidic protein, vimentin, smooth muscle-—specific 
actin, desmin, and CD99 have been reported.” 


Genetics 

Rhabdoid tumor of kidney has, in common with rhabdoid 
tumors at other sites, mutation or deletion of the gene SWI/ 
SNF-related, matrix-associated, actin-dependent regula- 
tor of chromatin, subfamily b, member 1 (HUGO-approved 
gene symbol SMARCB1).”° This gene has also been called 
INIT and SNF5. SMARCB1 codes for a protein with a role in 
transcriptional regulation. Further genetic studies have iden- 
tified additional genes that are mutated in rhabdoid tumor 
of the kidney.’!' The rhabdoid tumor predisposition syn- 
drome is a familial transmission of mutations in SMVARCB1/, 
which leads to the development of rhabdoid tumor of kidney, 
atypical teratoid/rhabdoid tumor, choroid plexus carcinoma, 
medulloblastoma, and extrarenal rhabdoid tumor.”!?7!3 
Rhabdoid tumors of the kidney often express a variety of 
stem cell factors, such as glypican3 and SALL4.7!4715 


Differential Diagnosis 


A wide variety of renal and extrarenal tumors may mimic 
rhabdoid tumor in routine sections. The NWTS has been 
receiving cases of Wilms tumor, congenital mesoblastic 
nephroma, renal cell carcinoma, urothelial carcinoma, col- 
lecting duct carcinoma, oncocytoma, rhabdomyosarcoma, 
neuroendocrine carcinoma, and lymphoma that have been 
confused with rhabdoid tumor of kidney.’'° Filamentous 
cytoplasmic inclusions or conspicuous macronucleoli are the 
misleading features in most cases. Conventional light micros- 
copy is able to clarify most cases, but electron microscopy 
and immunohistochemistry are sometimes necessary to show 
the characteristic features of the mimics and exclude rhab- 
doid tumor. Occasionally, blastemal cells contain inclusions 
suggestive of rhabdoid tumor, but the presence of character- 
istic aggregates of blastema, such as nodules or serpentine 
groupings, clarifies the diagnosis. Immunohistochemistry 
for SMARCBI1 (INI1) was found to be negative in 100% 
of 44 rhabdoid tumors (29 renal) and positive in 100% of 
45 varied soft tissue tumors in children, correlating with the 
mutation or deletion of SMARCB/ that is typical of rhabdoid 
tumors.717-7'8 


Prognosis and Treatment 


Rhabdoid tumor of the kidney is a highly aggressive cancer 
that presents with advanced stage in two-thirds or more of 


cases and has a 5-year survival of approximately 25% in the 
largest series.” Age at diagnosis is a significant prog- 
nostic factor with younger children doing worse than ones 
older than 2 years.” High stage at presentation and the pres- 
ence of an atypical teratoid-rhabdoid tumor of the central 
nervous system also diminish the outlook 


Ossifying Renal Tumor of Infancy 
Epidemiology and Clinical Features 


Ossifying renal tumor of infancy was first recognized by 
Caillet, Massot, and Taillard in 1966.”° Up to the present, 
19 cases have been reported.” 

This rare tumor of uncertain histogenesis has been 
reported only in 13 boys and 4 girls, and hematuria has been 
the presenting symptom in all but 2 cases. Radiography 
often reveals a calcified mass in the renal collecting system 
or pelvis, and these tumors have been mistaken clinically for 
staghorn calculi. All of the tumors were resected, and no case 
of recurrence or of metastasis has been reported. 


Pathology 


Gross Features 

Grossly, the tumor typically projects into the lumen of the 
renal pelvis. Some are densely calcified and very hard. The 
margins with the underlying medullary tissue are ill defined. 


Microscopic Features 

Microscopically, the bulk of the tumor often consists of an 
osteoid core associated with variable numbers of osteoblasts. 
In older patients, these cores often appear more mature with 
increased calcification and decreased numbers of osteoblasts. 
The osteoblasts blend into a population of round to oval cells 
and spindle cells. The spindle cell elements resemble intra- 
lobar nephrogenic rests. Immunohistochemistry and elec- 
tron microscopy disclose cells with epithelial differentiation 
among these.” Mitotic figures are uncommon. Osteoclasts 
and cartilaginous tissues are absent. 


Differential Diagnosis 


The principal differential diagnostic consideration pre- 
operatively often is a calculus. Congenital mesoblastic 
nephroma rarely may exhibit ossification.“* Sotelo-Avila 
et al.” were struck by the resemblance to intralobar neph- 
rogenic rests, while Seixas-Mikelus and colleagues were 
impressed by the resemblance of the spindle cell areas to 
congenital mesoblastic nephroma. The relationship of ossi- 
fying renal tumor infancy to other renal neoplasms remains 
obscure. 


Prognosis and Treatment 


In the few cases that have been reported, neither recurrence 
nor metastasis has been identified, so it appears that com- 
plete resection is curative and nephron-sparing surgical pro- 
cedures can be used.”*° 
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Anaplastic Sarcoma of the Kidney 


Anaplastic sarcoma of the kidney has been described from a 
series of 20 cases collected through the NWTS, the SIOP, and 
the United Kingdom Children’s Cancer Study Group.”° The 
patients ranged in age from 10 months to 41 years (median = 
5 years) and there was a slight female predominance. Grossly, 
anaplastic sarcomas are solid tumors, about 50% with a cys- 
tic component and are frequently large at diagnosis, ranging 
from 4 to 21 cm in maximum extent, with a median of 13 cm. 
Histologically, these tumors are characterized by the pres- 
ence of spindle cells growing in fascicles and round or oval 
mesenchymal cells with a myxoid stroma. Cartilaginous dif- 
ferentiation was present in 75% of the tumors. Pleomorphic 
giant cells, rhabdomyoblast-like cells, and dystrophic calci- 
fication may also be present. A few of the tumors contained 
areas composed of small blastema-like cells. A third of the 
tumors contained epithelium-lined cysts. The immunohis- 
tochemical investigation was limited; however, reactions 
with antibodies to desmin and vimentin were usually posi- 
tive while reactions with antibodies to WT1, CD34, CD56, 
CD99, and CAM 5.2 were negative in almost all of the 
tumors. Genetic investigations have been limited and have 
failed to detect either the SYT/-SSX or ETV6-NTRK3 fusion 
transcripts. Cytogenetic analysis of a single tumor detected 
cytogenetic abnormalities of unclear significance.”° 
Follow-up details for these tumors are limited. Half of the 
patients showed extrarenal extension or metastases at diag- 
nosis. Following nephrectomy and postoperative adjunct che- 
motherapy, 10 patients were free of disease, while 3 patients 
had died of tumor after follow-up intervals of 1.5 to 14 years. 


MESENCHYMAL TUMORS—OCCURRING MAINLY 
IN ADULTS 


Renomedullary Interstitial Cell Tumor 
Epidemiology and Clinical Features 


Renomedullary interstitial cell tumor originates from reno- 
medullary interstitial cells. These cells contain vasoactive 
substances such as prostaglandins, important in the regula- 
tion of blood pressure. It is uncertain if these are true neo- 
plasms, and it has been suggested that they are hyperplastic 
nodules that develop in response to hypertension. In con- 
tradiction of this, no convincing correlation has been dem- 
onstrated between hypertension, cardiac weight, and the 
incidence of these tumors in autopsy studies.”°7”°8 

These tumors are commonly found in adults, and in a 
large autopsy series 50% of patients had at least one tumor, 
while 57% of patients with renomedullary interstitial cell 
tumors had multiple lesions. These tumors are rarely seen 
in childhood and there is slight female predominance. 47° 
While most are found at autopsy or as incidental findings in 
nephrectomy specimens removed for cancers, they occasion- 
ally are found in needle biopsies.” 
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Figure 2-103 E Renomedullary interstitial cell tumor forms 
a small white nodule within a medullary pyramid. 


Most renomedullary cell tumors are asymptomatic and 
remain undetected during life; however, if carefully searched 
for, these tumors are frequently seen in nephrectomy speci- 
mens. Rarely renomedullary tumors are symptomatic, with 
flank pain originating from obstruction of renal outflow.”! 


Pathology 


Gross Features 

The tumors are white well-circumscribed nodules within 
the renal medulla and are usually <0.5 cm in diameter 
(Fig. 2-103). Occasionally, renomedullary interstitial cell 
tumors are pedunculated, protruding into the lumen of the 
renal pelvis, and it is these forms that may result in urinary 
tract obstruction. 4!74 


Microscopic Features 

Renomedullary interstitial cell tumors consist of small 
stellate cells within a loose faintly basophilic stroma 
(Fig. 2-104).7*”4! The stroma often has an interlacing pattern 
and may entrap medullary tubules at the edge of the lesion. 
Sections stained with Masson trichrome stain usually show 
little collagen within the lesions. In a minority of tumors, 
irregularly shaped densely eosinophilic deposits are present 
that resemble amyloid (Fig. 2-105). 


Ancillary and Special Studies 

One immunohistochemical study found o-smooth muscle 
actin and CD35 in many of the spindle cells.” Electron 
microscopy confirms medullary interstitial cells to be the 
cell of origin for these tumors with the presence of cytoplas- 
mic electron-dense lipid droplets.”** 


Differential Diagnosis 


Renomedullary interstitial cell tumors have been described 
as fibromas on morphologic grounds; however, they are 
collagen poor. 
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Figure 2-1 
tumor is moderately to sparsely cellular and composed of bland 
spindle cells. A few medullary tubules are embedded within it. 


Prognosis and Treatment 


These are benign tumors. The rare pedunculated tumors that 
occasionally cause outflow obstruction may require surgical 
intervention.“ 


Juxtaglomerular Cell Tumor 
Epidemiology and Clinical Features 


A renin-secreting renal tumor was first reported in 1967,” 
and in 1968, the term juxtaglomerular cell tumor was 
coined.” It is now recognized that these tumors are derived 
from the smooth muscle cell of the glomerular afferent 
arteriole.’ 

Fewer than 100 cases have been reported and most 
patients have been young adults and adolescents, averag- 
ing 27 years of age.” Many of the patients at the time of 


Figure 2-105 E Renomedullary interstitial cell tumor. These 
lesions occasionally contain deposits resembling amyloid. 


resection have been hypertensive for years before surgery 
with the average age of onset of hypertension being 22 years. 
The tumor is found predominantly in females, with a female- 
to-male ratio of 2:1. 

Virtually all patients with juxtaglomerular cell tumors 
are hypertensive, although a single case of a normotensive 
patient has been reported.” In one series, seven tumors were 
detected in 30,000 newly diagnosed hypertensive patients.”*! 
Elevation of plasma renin is typical of these patients, and 
selective catheterization of the renal veins has been advo- 
cated as an important guide to treatment.’” In some patients, 
the clinical features of uncontrolled severe hypertension may 
be seen.’”* 


Pathology 


Gross Features 

Most lesions have been smaller than 3 cm at diagnosis and 
some have not been visible when the renal capsule was 
stripped. For this reason, when a juxtaglomerular cell tumor 
is suspected, the specimen must be carefully dissected and 
all abnormal foci submitted for microscopic examination. 
These tumors are sharply circumscribed and composed of 
rubbery white or gray tissue with a capsule of variable thick- 
ness. Occasionally, tumors contain small cyst-like smooth- 
walled cavities or areas of hemorrhage.’”™ 


Microscopic Features 

Juxtaglomerular cell tumors show variable histologic patterns. 
A common pattern is one of irregular trabeculae of polygo- 
nal cells in a loose myxoid stroma (Fig. 2-106). Tubules and 
cysts are often present. Sheets of tumor cells and papillary 
structures may also be seen (Figs. 2-107 and 2-108).755756 
Tumor cells are amphophilic and may show a mild degree 
of nuclear pleomorphism. There is frequently prominent vas- 
cularity, and a lymphocytic infiltrate and mast cells may be 
conspicuous. Vascular invasion has been reported. 5757 
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Figure 2-106 E Juxtaglomerular cell tumor. A complex vas- 
cular network invests cells with pale or clear cytoplasm and cen- 
trally located small darkly staining nuclei. 
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Figure 2-107 E Juxtaglomerular cell tumor. Sheets of polyg- 
onal epithelioid cells surround complex channels lined by epithelial 
cells that have evolved from entrapped renal tubules. 


Ancillary and Special Studies 
Modified Bowie stain may reveal intracytoplasmic granules. 
Immunohistochemistry for renin shows a positive reaction 
in the cytoplasm. Tumor cells are also positive for vimen- 
tin, actin, calponin, CD34, and CD117, and are negative for 
cytokeratins. "+756 

Electron microscopy is helpful in demonstrating typical 
globular and rhomboid granules (Fig. 2-109) and smooth 
muscle myofilaments of juxtaglomerular cell tumors.” 
Expression of angiotensin II type 1 receptor has been 
detected in these tumors.™ In other studies tumor cells have 
been shown to exhibit monosomy of chromosomes 6, 9, 
11, 15, 21, and X on FISH, gains of chromosome 10.7477 
Losses of chromosomes 9 and 11 are the genetic abnormali- 
ties that have been observed most frequently. 
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Figure 2-108 E Juxtaglomerular cell tumor. Sheets of polyg- 
onal epithelioid cells are punctuated by small spaces filled with 
edema fluid. 
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Figure 2-109 E Juxtaglomerular cell tumor. Electron micro- 
scopy shows intracytoplasmic rhomboid renin granules. 


Differential Diagnosis 


The association of the tumor with severe hypertension, 
especially in younger patients means that the nature of the 
tumor is often suspected preoperatively. The gross finding 
of a small pale-colored rubbery tumor narrows the differen- 
tial diagnosis, and the histologic appearance is distinctive. 
The presence of renin also differentiates these tumors from 
renal solitary fibrous tumors. Although renin has rarely been 
found in renal cell carcinoma and nephroblastoma, these 
rarely cause diagnostic confusion. 6!76? 


Prognosis and Treatment 


Virtually all juxtaglomerular cell tumors appear to have 
been cured by resection although the reported follow-up has 
often been short. A single case of juxtaglomerular cell tumor 
metastasizing to the lung 6 years postnephrectomy has been 
reported.” 


Angiomyolipoma 
Introduction 


Angiomyolipoma is a benign neoplasm that consists of vary- 
ing proportions of smooth muscle cells, mature adipose tis- 
sue, and atypical thick-walled vessels. The existence of these 
tumors has been recognized for more than a century with 
the term angiomyolipoma being used by Paul Grawitz in 
1900.78 In early studies, angiomyolipoma was classified as 
a hamartoma and was noted to occur both sporadically and 
as part of the tuberous sclerosis complex.” The observation 
that angiomyolipomas have nonrandom inactivation of the 
X chromosome led to the conclusion that these tumors were 
clonal and neoplastic in origin.” 

The observations that angiomyolipomas contained cells 
that showed positive expression of the melanoma-marker 
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HMB-45 and that cells showing similar features were present 
in clear cell tumor of the lung (sugar tumor) led to the sug- 
gestion that these tumors were related. In these tumors the 
HMB-45 positive cells were all shown to have a characteristic 
appearance, being epithelioid with a clear to acidophilic cyto- 
plasm and a perivascular distribution.” It was subsequently 
shown that these tumors stained positively for other melanoma 
markers and on electron microscopy contained electron dense 
granules, resembling melanosomes.”” Similar features were 
found in hepatic angiomyolipomas,”®* and it was suggested 
that all these tumors were derived from perivascular epitheli- 
oid cells that can differentiate to form fat and smooth muscle 
cells, as well as eosinophilic and clear epithelioid cells.”.”” 
This family of tumors has now been expanded to include not 
only lymphangiomyomatosis,which is itself associated with 
renal angiomyolipoma, but also a wide variety of soft tissue, 
abdominal, gynecologic, subcutaneous, and bone tumors.” 


Epidemiology 


Angiomyolipomas are common; 24 cases were detected in 
18,000 clinically normal individuals undergoing routine 
health screening in Japan’” and 9 were found in 10,000 vol- 
unteers in Germany.’ In both of these studies, angiomyoli- 
pomas were as numerous as renal cell carcinomas. In a series 
of 3,512 autopsies, 4% of the 108 renal tumors present were 
angiomyolipomas.’” Pain is the presenting symptom in 50% 
of cases, hematuria in about 25%, and the tumor is an inci- 
dental finding in about 25%.’ 

In an unselected series of 194 cases of angiomyolipoma, 
8% of tumors were found in patients with tuberous sclero- 
sis.’’° Earlier studies had shown that in large surgical series 
sporadic angiomyolipomas were four times more common 
than tumors associated with tuberous sclerosis.” These anal- 
yses probably underestimate the true incidence of tuberous 
sclerosis-related tumors due to a potential failure to recognize 
individuals with the syndrome. It is also likely that the num- 
ber of patients with tuberous sclerosis is under-represented in 
surgical studies as these patients are more likely to be treated 
conservatively in order to preserve renal function. For indi- 
viduals diagnosed with tuberous sclerosis, renal angiomyoli- 
pomas are detected in approximately 50% of cases.”””” 

Among patients with sporadic angiomyolipoma, women 
predominate over men with a ratio of 4-4.5 to 1.7777 In 
patients with tuberous sclerosis, an equal gender distribu- 
tion occurs.’”°’” The age at presentation for patients with 
sporadic angiomyolipoma ranges from 17 to 80 years, with 
a mean age of 45 years. This contrasts to a range of 0 to 
80 years, and a mean age of 30 years, for tumors diagnosed 
in association with tuberous sclerosis.’ 


Clinical Features 


Small angiomyolipomas are usually detected incidentally 
through imaging studies. Larger tumors are frequently associ- 
ated with intratumoral hemorrhage and 80% of tumors >4 cm 
in maximum diameter are symptomatic. The most common 


presenting symptom is abdominal or flank pain with hema- 
turia and abdominal mass being less frequently seen.”*° 
Fever, hypertension, and visceral compressive symptoms are 
unusual presenting features.”*' The size of angiomyolipomas 
may increase during pregnancy, and pregnancy-associated 
tumor rupture has been reported.”” Rapid tumor growth was 
also noted in an adolescent female treated with hormones for 
menorrhagia.’*° 

In patients with tuberous sclerosis, multiple tumors are 
common, being reported from 87% of cases, and in 71% 
of these patients bilateral tumors were seen.’ Sporadically 
arising angiomyolipomas are more likely to be symptomatic 
at diagnosis and in a series of 60 cases, 50% presented with 
abdominal pain and 22% with hematuria, while 28% were 
asymptomatic.” 

The presence of fat in angiomyolipoma is an important 
diagnostic feature and these tumors are usually readily diag- 
nosed by ultrasound or computerized tomography.” These 
tumors must be differentiated from other fat-containing 
renal tumors and in particular may be mistaken for clear cell 
renal cell carcinoma.” 


Pathology 


Gross Features 

On gross examination, angiomyolipomas are usually circum- 
scribed with rounded contours. They are found within either 
the renal cortex or medulla and may also appear to arise from 
the renal capsule. There is usually no evidence of pseudocap- 
sule. In approximately 30% of surgical specimens, multiple 
tumors are present.*!' Angiomyolipomas vary in size with 
median diameters of 7 to 9 cm being reported from larger 
series.°''”*° Occasionally they may be large, ranging up to 
25 to 30 cm in diameter.”*’ The cut surface is yellow to tan and 
has a soft to firm consistency dependent on the proportion of 
fat present. Larger tumors may show extensive hemorrhage, 
which may involve the whole of the tumor (Fig. 2-110). 
Angiomyolipomas in which smooth muscle predominates 
are pale gray or tan color (Fig. 2-111). Angiomyolipoma 
may erode through the renal capsule and bulge into perire- 
nal fat.” Angiomyolipoma may also extend into intrarenal 
veins or into the renal vein, and rarely extension to the vena 
cava and right atrium has been reported.” When examining 
specimens containing renal angiomyolipomas it is important 
to very carefully examine the renal parenchyma and to sub- 
mit for microscopic examination any small lesions since the 
presence of multiple angiomyolipomas is a strong indicator 
that the patient may have tuberous sclerosis.” 


Microscopic Features 

Angiomyolipoma typically contains varying proportions 
of smooth muscle, adipose tissue, and blood vessels 
(Fig. 2-112). Cells of the smooth muscle component of the 
tumor range from spindle shaped to round (Fig. 2-113). 
Mitotic figures are usually rare; however, focally smooth 
muscle cells may show nucleomegaly and hyperchroma- 
sia, occasionally with prominent nucleoli (Fig. 2-114). 
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Angiomyolipoma. Thick-walled blood ves- 
sels, fat, and spindle-shaped smooth muscle. 
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FiGurRe 2-113 Angiomyolipoma. Smooth muscle cells with 
polygonal contours: epithelioid smooth muscle. 


FiGurReE 2-111 


Angiomyolipoma. The pale gray color of this 
angiomyolipoma indicates a high content of smooth muscle. 


FIGURE 2-114 


Vs 


Angiomyolipoma. The smooth muscle cells 
may have striking nuclear pleomorphism. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


148 Urological Pathology 


The cytoplasm of the smooth muscle cells may contain a 
variety of granules. These are frequently positive for peri- 
odic acid-Schiff and are not resistant to diastase digestion. 
Diastase resistant granules and crystalloid structures have 
also been reported. In rare instances the spindle cells may 
contain granular brown pigment. This has the histochemi- 
cal features of melanin and may be quite extensive, at least 
focally, within a tumor.”° The fat component of angiomyo- 
lipoma consists of mature fat cells of normal appearance. 
Rarely, there are foci of fat cells with cytoplasm contain- 
ing multiple lipid vacuoles, bringing lipoblasts to mind 
(Fig. 2-115). However, these have the nuclei of typical adipo- 
cytes. The vascular component of the tumor consists mainly 
of blood vessels with thick walls and small lumens. Although 
elastin fibers may be present within the muscle wall, they 
lack the elastic arrangement seen in normal arteries. These 
vessels are often grouped into clusters with radial collarettes 
of smooth muscle. Lymphatic differentiation has been dem- 
onstrated throughout these tumors and is most pronounced 
in the smooth muscle component, where lymphatics may 
aggregate to form a labyrinth-like pattern (Fig. 2-116). 
The proportion of each of the components of the tumor 
may vary widely. In a series of 184 tumors, 83% had a tripha- 
sic morphology, while 13% had 295% smooth muscle com- 
ponent and 5% had 295% fat component.”*° Fat-predominant 
tumors may resemble renal lipoma, while in smooth muscle 
predominant tumors, fat may form small islands or be absent 
altogether. In these instances, the presence of thick-walled ves- 
sels may be an important key to the diagnosis. Occasionally 
angiomyolipomas contain areas in which there is marked 
perivascular sclerosis, imparting a trabecular or sclerosing 
appearance (Fig. 2-117).”! Usually, the cells between the tra- 
beculae are polygonal or round smooth muscle cells. 
Coalescence of separate tumor nodules in multifocal dis- 
ease may give the appearance of invasion, although angio- 
myolipoma does not infiltrate into the kidney and usually has 
a smooth contour. Very rarely, angiomyolipoma may contain 


Figure 2-115 E Angiomyolipoma. A focus of fat cells with 
bubbly cytoplasm reminiscent of lipoblasts. 


Figure 2-116 E Angiomyolipoma. Lymphangioleiomyoma- 
like vessels are present in some angiomyolipomas. 


cysts or even have a predominantly cystic appearance grossly, 
with cysts measuring up to 6 cm in diameter.”*”™ The cystic 
areas are lined by cuboidal to hobnail epithelial cells, which 
may be ciliated. The cysts are thought to be entrapped renal 
tubules that have become dilated. 

A variety of renal tumors have been reported to coexist 
with angiomyolipoma. Clear cell renal cell carcinoma, papil- 
lary renal cell carcinoma, and chromophobe renal cell car- 
cinoma have been reported. Coexisting carcinomas may be 
ipsilateral, contralateral, or bilateral, while multiple papil- 
lary adenomas may also be present. Renal cell carcinoma is 
a recognized feature of tuberous sclerosis, and these patients 
often present with renal malignancy at younger age than 
patients with sporadic tumors.” 797 


Ancillary and Special Studies 
Angiomyolipomas give positive immunohistochemical 
reactions for HMB-45, with staining most frequently seen 
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Figure 2-117 EŒ Angiomyolipoma. Perivascular sclerosis 
imparts a trabecular architecture. 
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FIGURE 


2-118 E Angiomyolipoma. Immunohistochemistry 
with HMB45 gives a positive reaction in some of the cells of a 
needle biopsy of a smooth muscle-predominant tumor. 


in polygonal and perivascular muscle cells.”°*° Melan-A 
also is frequently detected, and almost all angiomyolipo- 
mas are positive for HMB-45 (Fig. 2-118) or melan-A or 
both. Cathepsin K also is expressed in almost all angio- 
myolipomas.**' Other melanocyte markers such as micro- 
ophthalmia transcription factor, and tyrosinase are less 
frequently positive and less useful. Smooth muscle actin, 
muscle-specific actin, and vimentin are also frequently posi- 
tive.8803 Angiomyolipomas also express hormone recep- 
tors. Immunohistochemistry is very frequently positive for 
estrogen receptor B (100%) and androgen receptor (80%).°™ 
Staining is variable for estrogen receptor a (30%) and pro- 
gesterone receptor (38%).°™ Stains for epithelial markers are 
negative, except for the epithelial cells lining the cysts in 
angiomyolipoma with epithelial cysts. 7°7°4805 


Genetics 

Tuberous sclerosis is associated with mutations of the TSC1 
gene on chromosome 9q34 and TSC2 gene on chromosome 
16p13. Mutations of the TSC2 gene may also be seen in spo- 
radic angiomyolipoma.*” 


Differential Diagnosis 


Tumors showing a predominance of smooth muscle or fat may 
be mistaken for renal leiomyoma or lipoma. Smooth muscle 
predominant tumors may also be mistaken for leiomyosar- 
coma and sarcomatoid renal cell carcinoma. Angiomyolipoma 
with epithelial cysts may mimic mixed epithelial and stro- 
mal tumor of kidney, although the clinical features of these 
tumors differ. Unlike angiomyolipoma, mixed epithelial and 
stromal tumors do not express melanocytic markers.” 

The smooth muscle character of the spindle cells of angio- 
myolipoma is confirmed by electron microscopy. These cells 
contain glycogen, and the presence of lipid in some cells 
suggests a transition between smooth muscle cells and adi- 
pocytes. Crystalloids may also be seen. Interstitial collagen 
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bundles are usually present between smooth muscle cells 
and vascular spaces, and occasional premelanosomes have 
been identified 8008078 


Prognosis and Predictive Factors 


Angiomyolipomas are benign tumors, although in two 
cases leiomyosarcoma developed, causing death.**!° 
Angiomyolipoma may occasionally show regional extension 
to the abdominal wall and pelvis,*!!* and tumor deposits 
may be found within regional lymph nodes (Fig. 2-119) 
and the spleen; however, these features are not indicative of 
malignancy.*'**'5 Despite the benign nature of angiomyo- 
lipoma, larger tumors are more frequently associated with 
spontaneous or trauma-related hemorrhage. The likelihood 
of hemorrhage is dependent on tumor size, being more com- 
mon in tumors >4 to 6 cm in diameter.”*’ Angiomyolipomas 
appear more likely to undergo hemorrhage during preg- 
nancy.’** Hemorrhage may be intrarenal, but massive retro- 
peritoneal hemorrhage may also occur and this is known as 
Wunderlich syndrome. Patients with angiomyolipoma are at 
increased risk of developing renal cell carcinoma and pul- 
monary lymphangiomyomatosis, although this is more fre- 
quently associated with tuberous sclerosis. 


Treatment 


Many patients with small asymptomatic angiomyolipomas 
require no treatment and are followed with periodic ultra- 
sound examinations to assess the size of the tumor. A vari- 
ety of treatments are available for renal angiomyolipoma. 
Nephrectomy is the standard treatment for large tumors, while 
for smaller tumors nephron-sparing partial nephrectomy often 
is appropriate.*'° Tumors may also be treated by selective 
arterial embolization”! or laparoscopic cryoablation.*!” It is 


recommended that tumors >8 cm be managed surgically due 
to the high risk of spontaneous hemorrhage. It has also been 


2-119 E Angiomyolipoma. 
sometimes is found in lymph nodes draining a kidney with an 
angiomyolipoma. 


FIGURE Angiomyolipoma 
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recommended that all patients with symptomatic tumors or 
asymptomatic tumors 24 cm should be considered for treat- 
ment as these tumors are at greater risk of rupture or hemor- 
rhage.’*! Most recently, treatment with mTOR inhibitors has 
been found to reduce the size of angiomyolipomas.*!**!9 


Epithelioid Angiomyolipoma 
Epidemiology and Clinical Features 


The term “epithelioid angiomyolipoma” was coined in 1996 
in a report of a case with distinctive morphology and, ulti- 
mately, fatal outcome.” Epithelioid angiomyolipoma is now 
established as a distinctive form of renal neoplasia occurring 
both sporadically and in association with tuberous sclerosis. 
The clinical and pathologic features of nearly 100 cases 
of epithelioid angiomyolipoma have been described in case 
reports and more recently in larger studies.*!>7!:821:822 There is a 
female predominance, with a male-to-female ratio of 1:6.5.7” 
Patients ranged in age from 6 to 81 years with a mean age of 
44 years, and in a mixed series of angiomyolipoma, <10% 
of tumors were epithelioid angiomyolipomas.”” These tumors 
occur both sporadically and as part of the tuberous sclerosis 
complex, which in one series constituted 27% of cases.” 
Approximately 50% of patients with epithelioid angio- 
myolipoma are asymptomatic, with tumors discovered as an 
incidental finding or as a result of investigations in individuals 
with known tuberous sclerosis. The most common presenting 
features are hemorrhage, abdominal or flank pain, and renal 
mass. Nonspecific systemic symptoms may also be present- 
ing features, with fatigue, weight loss, edema, nausea, recur- 
rent urinary tract infection, night sweats, fever, and anorexia 
being reported.*”! Imaging studies of epithelioid angiomyo- 
lipoma are often nonspecific. As these tumors are always fat 
poor, they lack the typical radiologic feature of angiomyoli- 
poma and may be mistaken for renal cell carcinoma.” 


Pathology 


Gross Features 
Epithelioid angiomyolipomas are usually well circumscribed 
and are, on average, larger than typical angiomyolipoma at 
diagnosis. Mean diameters of 8 cm have been reported from 
larger series, and a tumor weighing 7.1 kg was found at 
autopsy of a patient with tuberous sclerosis.””°*4 

The cut surface of the tumor is tan, gray, pink, or yellow 
and may be variegated, with macroscopic areas of hemor- 
rhage and necrosis being frequently seen (Fig. 2-120).°3 The 
tumor may distort the renal capsule, extend into perirenal fat, 
and infiltrate adjacent organs. Occasionally tumor extends 
into the renal vein or vena cava. Tumor may be present in 
regional lymph nodes; however, as is the case for typical 
angiomyolipoma, this does not necessarily indicate meta- 
static spread of malignant disease. When examining speci- 
mens containing renal angiomyolipomas, it is important to 
very carefully examine the renal parenchyma and to submit 
for microscopic examination any small lesions since the 


Figure 2-120 W Epithelioid angiomyolipoma. The tumor 
resembles a carcinoma and lacks the yellow color imparted by fat 
cells. 


presence of multiple angiomyolipomas is a strong indicator 
that the patient may have tuberous sclerosis.” 


Microscopic Features 

Epithelioid angiomyolipoma is characterized by the presence 
of polygonal cells and short spindle-shaped cells of vari- 
able size (Fig. 2-121). The larger epithelioid cells show 
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Figure 2-121 W Epithelioid angiomyolipoma. A mixture of 
stubby spindle cells and large mononuclear and multinuclear cells 
makes up the tumor. 
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Figure 2-122 E Epithelioid 


angiomyolipoma. 
ganglion-like mononuclear cells are a hallmark of epithelioid 
angiomyolipoma. 


Large 


nuclear atypia with a prominent nucleolus and may resemble 
ganglion cells (Fig. 2-122). The cytoplasm is abundant and 
deeply eosinophilic, and large multinucleate cells, often with 
peripheral nuclei, may be present. Smaller epithelioid cells 
are relatively uniform in size with a moderate amount of pale 
cytoplasm and, at most, focal nuclear atypia. Adipose tis- 
sue is usually absent and when present, forms inconspicuous 
nests. The large vessels characteristic of typical angiomyoli- 
poma are rarely seen. The growth pattern may be sheets, or 
less frequently, a carcinoma-like pattern composed of nests 
surrounded by vascular septa.*?’ Within the sheets, areas of 
edema in which the individual cells are separated by edema 
fluid are common. Puddles of hemorrhage may give the illu- 
sion of cyst formation (Fig. 2-123). Diffuse hemorrhage and 
edema may resemble degeneration in high-grade carcinoma 
(Fig. 2-124) Tumor necrosis is present in approximately one- 
quarter of cases, and this may be extensive. Mitotic activity 


Figure 2-123 E Epithelioid angiomyolipoma. Puddles of 
blood resemble blood-filled cysts and heighten the resemblance to 
carcinoma. 
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Figure 2-124 E Epithelioid angiomyolipoma. Diffuse hem- 
orrhage and edema between the cells resembling degeneration in a 
high-grade carcinoma. 


is visible in 50% of tumors, with mitotic rates ranging from 
1 to 10 mitotic figures/10 high-power fields. Invasion of intra- 
renal vessels or the renal vein may be present.* Epithelioid 
angiomyolipoma may coexist with areas of tumor showing 
the features of typical angiomyolipoma, and this may consti- 
tute up to 95% of the tumor.®> 


Ancillary and Special Studies 

HMB45 and Melan-A are each positive in 80% to 90% of 
tumors, and one or the other is positive in nearly 100%. 
Cathepsin K is also detectable in nearly all epithelioid angi- 
omyolipomas.*”' A positive reactivity for smooth muscle- 
specific actin is found in about 90% of tumors. Reactions 
with antibodies to markers of epithelial differentiation are 
typically negative.””°*?!*3 Staining for estrogen receptor is 
variable, being present in up to 50% of cases.*” 

Electron microscopy of these tumors shows an absence 
of epithelial features, while glycogen is present. Membrane- 
bound granules and premelanosome-like structures may also 
be seen.* 


Genetics 

Genetic studies on epithelioid angiomyolipoma are limited; 
however, loss of heterozygosity at the TSC2 locus on chro- 
mosome 16p has been seen in one case. Diffuse immunore- 
activity for TP53 has also been demonstrated, although no 
mutation has been detected in the TP53 gene.*354 


Differential Diagnosis 


These tumors may be mistaken for renal cell carcinoma 
and sarcomatoid carcinoma. Epithelioid angiomyolipoma 
should be considered in any tumor containing poorly cohe- 
sive polygonal cells with eosinophilic cytoplasm. In such 
instances, positive immunoreactivity for HMB-45, melan-A, 
or cathepsin K, along with smooth muscle-specific actin, and 
negative reactions for markers of epithelial differentiation 
are diagnostic. 
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Prognosis and Treatment 


Epithelioid angiomyolipoma has malignant potential. In a 
review of published cases, metastatic spread to lymph nodes, 
liver, lung, or spleen was reported for 30% of patients.” In 
a separate series, 36% of tumors either recurred or metasta- 
sized over a mean follow-up interval of 52 months.** In con- 
trast to this, no malignant behavior was observed in a further 
series of 15 cases after a mean follow-up interval of 5 years.””° 

In an analysis of features predictive of subsequent clinical 
behavior, it was suggested that the presence of 270% atypi- 
cal epithelioid cells, =2 mitotic figures per 10 high-power 
fields, atypical mitotic figures, and necrosis was of prog- 
nostic significance, and that if three or more of these were 
identified then there was an increased risk of malignancy.*? 
Another study found that large size, carcinoma-like growth 
pattern, invasion of perinephric fat or renal vein, and necro- 
sis were associated with malignant behavior.*’ 

Epithelioid angiomyolipoma is often larger than typi- 
cal angiomyolipoma at diagnosis. Surgical management is 
the usual treatment for epithelioid angiomyolipoma and is 
often undertaken in the mistaken belief that the tumor is a 
renal cell carcinoma. Tumor metastases have been reported 
to respond to doxorubicin and possibly to dacarbazine, ifos- 
famide, cyclophosphamide, and cisplatin.’ 


Desmoplastic Small Round Cell Tumor 
Epidemiology and Clinical Features 


Eight cases of desmoplastic small round cell tumor of the 
kidney have been reported.**°*> The patient initially reported 
by Egloff et al.**' was also reported in two other papers.*°?5%° 
The adult was a 41-year-old man, while the children were five 
girls and two boys aged from 7 to 14 years (median = 8 years). 


Pathology 


Grossly the tumors were solid and involved renal cortex, 
medulla, and renal sinus. The cut surfaces were white or tan, 
and foci of necrosis and hemorrhage are present. The micro- 
scopic features of the tumor are typical for desmoplastic 
small round cell tumor, consisting of small cells with hyper- 
chromatic nuclei and scanty cytoplasm. Mitotic figures are 
commonly seen. Foci of necrosis are common and scattered 
areas of dystrophic calcification often present. Focal desmo- 
plasia was seen in only one tumor. 

All tumors reacted positively with antibodies to vimen- 
tin and desmin, with the staining for desmin being dot-like 
and near the nucleus. Some tumors also showed positive 
expression of neuron-specific enolase, smooth muscle and 
muscle-specific actin, WT1, CD56, and FLI1. The majority 
of tumors also showed, at least, focal expression of CAMS.2, 
pancytokeratin, EMA, and CD99. Electron microscopy of 
two cases showed intermediate junctions, thickened basal 
lamina, and aggregates of intermediate filaments. All cases 
studied showed EWS-WTI gene fusion [t(11;22)(p13;q12)] 
characteristic of desmoplastic small round cell tumor. 8833 


Prognosis and Treatment 


Of the pediatric patients, two had recurrences post surgery, 
and following chemotherapy these and two other patients 
were disease free over a follow-up period of 22 to 44 months. 
The adult patient had been recurrence free for 18 months fol- 
lowing nephrectomy. 


MISCELLANEOUS MESENCHYMAL NEOPLASMS T 


Lipoma 
Epidemiology and Clinical Features 


Renal lipomas are rare with fewer than two dozen cases 
reported in the literature.” Most of the reports are from 
the era before immunohistochemistry was available, and even 
recent reports include no more than minimal immunohisto- 
chemical evidence that the tumors are not angiomyolipomas 
with great predominance of fat. Renal lipoma usually pres- 
ents with flank or abdominal pain and rarely with hematuria. 
These are benign tumors and are cured by surgical removal. 


Pathology 


The gross specimen consists of yellow fat-forming lob- 
ules, often with an investing capsule of varying thickness. 
Tumors vary in size ranging up to 14 cm in maximum diam- 
eter, and in larger tumors there may be areas of necrosis and 
hemorrhage. 

The histologic features are those of mature adipose tissue 
without nuclear atypia. The differential diagnosis includes 
angiomyolipoma, retroperitoneal lipoma, and liposarcoma. 
Before a renal tumor can be accepted as a lipoma rather than 
an angiomyolipoma, it must be extensively sampled, and a 
thorough immunohistochemical investigation must be done. 
A battery of antibodies to HMB45, melan-A, cathepsin K, 
smooth muscle actin, desmin, estrogen receptor, and pro- 
gesterone receptor should give negative reactions before the 
diagnosis of lipoma is made. Retroperitoneal lipomas show 
no vascular attachment to the kidney, while liposarcoma may 
be excluded on morphologic grounds. A single case of lipo- 
blastoma of the kidney has been recorded in a 2-year-old 
male and a hibernoma in the kidney of a 51-year-old 
woman.**4 Renal replacement lipomatosis is a nonneo- 
plastic condition in which the renal parenchyma atrophies 
and renal sinus fat expands to replace it.*#***° Renal replace- 
ment lipomatosis is discussed in more detail in Chapter | on 
nonneoplastic diseases of the kidney. 


Leiomyoma 


Epidemiology and Clinical Features 


Renal leiomyomas are benign smooth muscle tumors simi- 
lar in morphology to those occurring in other parts of the 
body. Renal leiomyomas are very rare. Smooth muscle— 
predominant angiomyolipomas are much more common, so 
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one must be skeptical of any report that does not present 
convincing immunohistochemical evidence that the tumor is 
not an angiomyolipoma. However, there are a few reports of 
well-investigated leiomyomas of the renal parenchyma.**” 
Leiomyomas have been reported to arise from the renal cap- 
sule, and a few of these reports have presented immunohis- 
tochemical evidence that they were not angiomyolipomas.*” 
Leiomyomas arising from the renal pelvis and renal vein 
where angiomyolipomas are not a significant consideration 
have also been reported.**'** Renal leiomyoma has been 
reported in immunodeficient patients and, as with leiomy- 
oma in other organs in this group of patients, is thought to be 
induced by Epstein-Barr virus (EBV).°° 

Most tumors are discovered clinically as incidental find- 
ings following imaging studies. Rarely renal leiomyomas 
are symptomatic with abdominal mass, hematuria, and flank 
pain being reported.**° These are benign tumors and are 
cured by surgical resection. 


Pathology 


As in other sites, renal leiomyomas are well-circumscribed 
solid rubbery masses with a whorled cut surface. Occasion- 
ally, cystic areas are present. Histologically, renal leiomyoma 
consists of bundles of smooth muscle fibers without nuclear 
pleomorphism. Degenerative changes and dystrophic calci- 
fication may be present, and larger tumors may show areas 
of hyalinization. The findings of necrosis, nuclear atypia, 
or more rarely atypical mitotic figures suggest a diagnosis 
of renal leiomyosarcoma. Immunohistochemical expression 
reflects the smooth muscle nature of these tumors, with posi- 
tive staining for smooth muscle actin and desmin. 


Differential Diagnosis 


The principal differential diagnostic consideration is angio- 
myolipoma with predominance of smooth muscle. Before 
a diagnosis of renal leiomyoma can be rendered, the tumor 
must be extensively sampled to search for fat and the abnor- 
mal blood vessels often found in angiomyolipomas. The 
presence of multiple tumors favors a diagnosis of angiomyo- 
lipoma. A battery of antibodies to HMB45, melan-A, and 
cathepsin K should give negative reactions before the diag- 
nosis of renal leiomyoma is made. 


Hemangioma 
Epidemiology and Clinical Features 


Hemangiomas of the kidney have been found in a wide age 
range of patients although tumors most commonly occur in 
adults.*°+*°° Solitary lesions are more frequent, but in more 
than 10% of cases, tumors are multiple and bilaterality has 
been reported. Hemangiomas may be associated with the 
Klippel-Trenaunay and Sturge-Weber syndromes.**? Many 
hemangiomas are asymptomatic and are found only at 
autopsy. In symptomatic patients, recurrent hematuria is the 
usual complaint, frequently associated with anemia.** 
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pyramid near the urothelial mucosa. 


Pathology 


Most tumors are <1 cm in diameter at presentation and are 
often difficult to detect with the naked eye. Larger lesions, 
up to 18 cm in diameter, have been reported, and these have 
a spongy reddish appearance. While hemangiomas may arise 
anywhere in the kidney, the medulla and papilla are the sites 
of the majority of symptomatic lesions (Fig. 2-125). 

Microscopically, these lesions are composed of vascular 
spaces of variable size, some of which may have smooth 
muscle and elastic tissue in their walls. As for heman- 
gioma of soft tissue, capillary and cavernous types are 
recognized***°° and thrombosis and organization are com- 
mon. Recently, a variant of renal hemangioma composed 
of densely packed capillary vessels with foci of an anas- 
tomosing sinusoid-like pattern has been given the name 
“anastomosing hemangioma.”®%5858 These lesions often 
have endothelium with a hobnail appearance and zones of 
sclerosis between the small vessels. Extramedullary hema- 
topoiesis is sometimes present. While hemangiomas often 
have irregular borders and merge with the surrounding 
renal parenchyma, the lack of nuclear atypia and mitotic 
figures should make recognition of their benign nature 
straightforward in most cases. The lobulated architecture 
of anastomosing hemangiomas is also helpful in the differ- 
ential with angiosarcoma. These tumors are distinguished 
from angiosarcoma using the same criteria applied to soft 
tissue tumors. 


Hemangioblastoma 
Epidemiology and Clinical Features 


Hemangioblastoma is most common in the cerebellum and 
other central nervous system sites. While most of these 
tumors occur sporadically about 25% occur in patients with 
VHL disease, in whom, the differential diagnosis with clear 
cell renal cell carcinoma metastatic to the central nervous 
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system must be considered. A handful of cases of primary 
renal hemangioblastoma have been reported.'3”*°*° The 
patients were three females and four males with ages rang- 
ing from 16 to 71 years (median = 58 years). None of the 
patients had VHL disease. No patient suffered recurrence or 
metastasis and were well with follow-up ranging from 5 to 
108 months. 

Presenting symptoms included hematuria, polycythemia, 
and back pain, but in half the cases, the tumors were inci- 
dental findings. 


Pathology 


Grossly the tumors were well circumscribed, and ranged 
from 12 to 68 mm in diameter. The cut surfaces of the 
tumors were gray or brown, and in one case tumor cavitation 
was present. 

Histologically, these tumors show features similar to 
hemangioblastoma of the central nervous system and to 
clear cell renal cell carcinoma, with sheets of polygonal 
cells having bulky eosinophilic cytoplasm and an associated 
prominent arborizing vascular network. Intracytoplasmic 
eosinophilic globules were present in one case. 


Differential Diagnosis 


The main differential diagnostic consideration is with clear 
cell renal cell carcinoma. The main obstacle to making the 
diagnosis is having a sufficiently low threshold of suspicion. 
Once hemangioblastoma is under consideration, negative 
immunohistochemical reactions with antibodies to PAX2 
and PAX8, along with a positive reaction with antibody to 
inhibin-o, will confirm that the tumor is a hemangioblas- 
toma, since 95% to 100% of hemangioblastoma will give 
negative nuclear reactions for PAX2 and PAX8, while 90% 
of hemangioblastomas will give diffusely positive cytoplas- 
mic reactions for inhibin-o..°™ 


Glomus Tumor 
Epidemiology and Clinical Features 


A few cases of primary renal glomus tumor and a further 
case of glomus tumor arising in the renal pelvis have been 
reported.’ There has been a predominance of males, 
and the patients’ ages have ranged from 17 to 81 years. The 
single instance of glomus tumor of the renal pelvis was in a 
53-year-old female. 


Pathology 


Gross Features 

Most of the tumors were incidental findings and ranged in 
size up to 7 cm in maximum diameter. Tumors of renal ori- 
gin were usually situated peripherally with distortion, but 
not infiltration of the renal capsule. The tumors were well 
circumscribed, and the cut surface had a solid or gelatinous 
consistency. The tumors were gray-white to brown, and in 
one tumor, foci of hemorrhage were seen. 


Microscopic Features 

Microscopically these tumors show a variety of histologic 
features. The neoplastic cells are usually small, round to 
oval, with a scanty to moderate amount of eosinophilic to 
amphophilic cytoplasm (Fig. 2-126A). The stromal archi- 
tecture is variable, and in one tumor, classified as a solid 
glomus tumor, tumor cells formed sheets and nests within a 
myxoid and delicate fibrovascular stroma. Two tumors were 
classified as glomangioma having peripheral slit-like vascu- 
lar spaces, with a central myxoid stroma interspersed with 
hyalinized areas and telangiectatic vessels. In the remaining 
two cases, tumor cells were round to fusiform with some 
degree of nuclear pleomorphism. In some areas, there was 
vascular proliferation with condensation of adjacent tumor 
cells at the vascular margin. In some areas short fascicles of 
smooth muscle were seen. 
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Figure 2-126 E A: Glomus tumor. The sheets of polygonal cells bring carcinoma or juxtaglomerular cell tumor to mind. 
B: Immunohistochemistry for laminin shows a positive reaction in the cytoplasm. 
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Ancillary and Special Studies 

Tumors showed strongly positive cytoplasmic immunohis- 
tochemical reactions for common and smooth muscle actin, 
while laminin expression was pericellular (Fig. 2-126B) and 
there was focal expression of CD34. Epithelial markers were 
usually negative. In one tumor, there was positivity for NSE, 
S-100 protein, cytokeratin, and desmin, and on the basis of 
this immunoprofile, the diagnosis of glomangioma has been 
questioned.** 


Prognosis and Treatment 


Although malignant behavior is well recognized in nonrenal 
glomus tumors, most that have originated in the kidney have, 
to date, followed a benign course. A single case of malignant 
behavior in a renal glomus tumor has been reported.°” 


Lymphangioma 
Epidemiology and Clinical Features 


Renal lymphangioma occurs in both adults and chil- 
dren.*’!8” These tumors may arise in the renal parenchyma 
or be associated with the renal capsule or renal sinus.8’>*7 
Tumors may be unilateral or bilateral, while those associated 
with inflammation are often peripelvic. Abdominal mass is 
the most frequent presenting feature although abdominal 
pain, hematuria, or hypertension has been reported. Lesions 
within the renal sinus may infiltrate the renal medulla, lead- 
ing to urinary obstruction.*” 


Pathology 


Grossly these tumors are solitary encapsulated masses of 
small cysts containing clear fluid (Fig. 2-127). Occasionally, 
tumors are localized to the subcapsular cortex or may dif- 
fusely involve the kidney. Histologically, lymphangiomas 
consist of spaces lined by bland endothelial cells with fibrous 
septa that may contain smooth muscle. Clinically, the differ- 
ential diagnosis includes a wide variety of cystic diseases of 
the kidney while pathologically the major differential diag- 
nosis is cystic nephroma. Lymphangioma does not have the 
ovarian-like stroma typical of cystic nephroma and positive 
immunohistochemistry for Factor VII, CD31, and for podo- 
planin in the cells lining the spaces is diagnostic. 

VHL gene mutation and abnormalities of chromosomes 
7 and X have been described in association with lymphan- 
gioma. In some cases, coexistent angiomas in other organs 
have been noted.*7!8% To date, no instance of malignant 
transformation of these tumors has been reported. 


Schwannoma 


Schwannomas originating from the Schwann cell of the 
peripheral nerve sheath are rarely encountered in the kidney. 
There is an equal gender distribution and patients ranged 
in age from 14 to 89 years.*’”’** Presenting symptoms are 
variable with flank pain, abdominal mass, fever, and anemia 
predominating. The majority of schwannomas occur within 
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FIGURE 


2-127 E Lymphangioma. The cystically dilated 
lymphatic could be mistaken for cystic nephroma, multilocular 
cystic renal cell carcinoma, or cystic partially differentiated 
nephroblastoma. 


the renal sinus. Tumors have been reported arising from the 
renal parenchyma and renal capsule. Often the schwanno- 
mas are large. Histologically, these tumors resemble typical 
peripheral nerve schwannoma with absence of cellular atypia 
and at most, rare mitotic figures. Cellular variants have also 
been described.*” Renal schwannomas have a benign clini- 
cal course with reported follow-up of up to 60 months.*” 


Solitary Fibrous Tumor 
Epidemiology and Clinical Features 


Solitary fibrous tumor is a spindle cell neoplasm that has 
been reported from many sites, including the kidney, and is 
most common in the pleura. The tumors that have previously 
been diagnosed under the name “hemangiopericytoma” are 
presently considered to be solitary fibrous tumors. The histo- 
genesis of solitary fibrous tumor is unknown. 

Fewer than 100 cases of renal solitary fibrous tumor have 
been reported.**° There is an equal gender distribution, and 
patients range in age from early childhood to the ninth decade 
of life, with a mean age of 51 years.**°**! These tumors are 
often discovered incidentally or may be associated with flank 
pain, abdominal mass, or hematuria.**! 


Pathology 


Gross Features 

Renal solitary fibrous tumors range in size from 2 to 25 cm 
(mean 9 cm). More than two-thirds arise in the renal paren- 
chyma, but some are attributed to the renal capsule and renal 
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sinus. They are usually well circumscribed with a gray to 
tan cut surface. Tumors are usually solitary although a single 
patient with bilateral tumors has been seen. In one of the two 
malignant solitary fibrous tumors reported to date, there was 
gross necrosis with extension of the tumor into Gerota fascia 
and adipose tissue of the ureter and renal hilum.**! 


Microscopic Features 

Solitary fibrous tumors consist of spindle cells exhibiting 
minimal nuclear pleomorphism. The tumor may show a stori- 
form or fascicular architecture with intervening hypocellular 
collagenous areas. Dilated blood vessels, occasionally with 
a hemangiopericytoma pattern, may also be present.**?°% In 
those cases showing malignant transformation, areas of typi- 
cal morphology sharply abut upon sheets of plump spindle 
cells with moderate to marked nuclear pleomorphism. In 
those areas the mitotic rate ranged from 2 to 6 mitotic figures 
per 10 HPF.88!884 


Differential Diagnosis 


The differential diagnosis includes sarcomatoid carcinoma 
and spindle cell neoplasms of smooth muscle and neural 
origin. Immunohistochemistry is helpful, indeed necessary, 
to support the diagnosis. Strong, diffusely positive reactions 
for CD34, BCL2, and CD99 are common in solitary fibrous 
tumors. Most sarcomatoid carcinomas give positive reac- 
tions with antibodies to cytokeratins (AE1/AE3 most fre- 
quently), and smooth muscle tumors and neural tumors with 
antibodies to smooth muscle actin and S100, respectively. 


Prognosis and Treatment 


All but one of the reported cases of renal solitary fibrous tumor 
have behaved in a benign manner with follow-up ranging from 
2 to 89 months. In one case, there was sarcomatoid differen- 
tiation with extrarenal spread at the time of diagnosis and the 
patient developed pulmonary metastases 4 months later.**! 


Liposarcoma 
Epidemiology and Clinical Features 


Liposarcoma of renal origin is rare, with most liposarcomas 
involving the kidney being perirenal in origin (Box 2-6).885886¢ 
Several cases of liposarcoma arising from the renal sinus 
have also been reported,**’ while a single case of renal lipo- 
sarcoma has been reported in association with end-stage kid- 
ney disease.*”° These tumors are most commonly found in 
patients in their fifth to sixth decade, with the oldest patient 
being in the ninth decade.**’ 


Box 2-6 @ PRIMARY RENAL SARCOMA 
DIAGNOSTIC CRITERIA 


e No history of sarcoma elsewhere 

e Gross appearance compatible with renal parenchymal 
origin 

e Sarcomatoid renal cell carcinoma excluded 


Pathology 


Liposarcoma localized to the kidney is usually yellow, lobu- 
lated, and well circumscribed. Larger tumors are more likely 
perirenal in origin. These tumors show the range of histologic 
patterns seen elsewhere in the body, although in one series 
80% were found to be myxoid.*** The most important differ- 
ential diagnosis is angiomyolipoma, and well-differentiated 
liposarcomas should be widely sampled to search for smooth 
muscle and abnormal blood vessels. A battery of antibodies to 
HMB45, melan-A, cathepsin K, smooth muscle actin, desmin, 
estrogen receptor, and progesterone receptor should give neg- 
ative reactions before the diagnosis of liposarcoma is made. 


Prognosis and Treatment 


Renal vein infiltration has been reported for perirenal lipo- 
sarcoma, and in general those tumors have a poor prognosis. 
The most important indicator of outcome for renal liposar- 
coma, as for other renal sarcomas, is completeness of surgi- 
cal excision.**” 


Leiomyosarcoma 
Epidemiology and Clinical Features 


Leiomyosarcoma is the most frequently encountered soft 
tissue sarcoma of the genitourinary tract and constitutes 
0.1% of invasive renal tumors and about 50% of primary 
renal sarcomas. Approximately 125 renal leiomyosar- 
comas have been reported, with most patients being aged 
>40 years.*°° The peak incidence of the tumors is in the 
fifth to sixth decade, although tumors have been recorded 
in childhood and extreme old age. There is a slight female 
predominance. Presenting features are often abdominal 
pain or mass, while fever and hematuria may also be present. 


Pathology 


Gross Features 

Renal leiomyosarcoma is often of large dimension at diag- 
nosis with a mean tumor size of 13 cm being reported. These 
tumors frequently occur in the renal sinus, arising from the 
renal vasculature or the wall of the renal pelvis (Fig. 2-128). 
Tumors may also arise from the renal capsule, and only 30% 
of leiomyosarcomas are intrarenal. The cut surface is usually 
gray-white, firm, and solid with whorled cut surface. They 
are often well circumscribed and may have a pseudocapsule. 
Foci of necrosis and hemorrhage are frequently seen and 
there may be cystic degeneration. Perineural infiltration is 
also a frequent finding.*** 


Microscopic Features 

Histologically, leiomyosarcoma consists of sheets and fas- 
cicles of spindle cells. There is often pronounced nuclear 
pleomorphism, and mitotic rates ranging from 0 to 50 per 
10 high-power fields (mean 11/10 high-power fields) have 
been reported.**° Occasionally, the tumor may show a myx- 
oid morphology and microscopic necrosis, and intrarenal 
vascular infiltration is also frequently seen.*”! 
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Figure 2-128 E Leiomyosarcoma. This leiomyosarcoma has 
arisen in the renal vein. 


Differential Diagnosis 


The differential diagnosis is mainly angiomyolipoma, but 
renal leiomyoma and sarcomatoid renal cell carcinoma 
may also deserve consideration. There are no strict crite- 
ria to differentiate between benign and malignant renal 
smooth muscle tumors. Tumors that are large with nuclear 
pleomorphism, frequent mitotic figures, and geographic 
necrosis may be confidently diagnosed as malignant; how- 
ever, metastases have been reported in tumors showing few 
mitotic figures.*?**? Further, nuclear atypia is fairly com- 
mon in angiomyolipomas, and a few mitotic figures are seen 
occasionally in the smooth muscle component of angiomyo- 
lipomas. Tumors should be extensively sampled to search for 
fat and the abnormal blood vessels that would indicate that 
the tumor is smooth muscle-predominant angiomyolipoma. 
A battery of antibodies to HMB45, melan-A, cathepsin K, 
estrogen receptor, and progesterone receptor should give 
negative reactions before the diagnosis of leiomyosarcoma is 
made. Sarcomatoid renal cell carcinoma may be problematic, 
although extensive sampling often reveals an epithelial ele- 
ment, and epithelial immunohistochemical markers are often 
positive, albeit focally. Antibody to cytokeratin (AE1/AE3) 
is the one most frequently positive. The sarcomatoid compo- 
nent will also express PAX8 in over 50% of cases.*7 


Prognosis and Treatment 


Renal leiomyosarcoma has a poor prognosis, and out- 
come does not appear to correlate with histologic features. 
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Metastases are frequently present at diagnosis, and the 
reported 5-year survival rate is approximately 30%, with 
median survival intervals of 12 to 18 months.*°** Treatment 
is primarily surgical with adjuvant chemotherapy used in 
selected cases.** 


Rhabdomyosarcoma 
Epidemiology and Clinical Features 


Rhabdomyosarcomas of the kidney are rare tumors with an 
equal gender distribution and affecting patients from early 
childhood to the eighth decade of life.8°5-8% 


Pathology 


Grossly, these tumors were large and pale gray. In some 
cases, the tumor has extended into the renal pelvis in a 
botryoid architecture.’ *” Histologically, the tumors have 
been either embryonal rhabdomyosarcoma or pleomorphic 
rhabdomyosarcoma.**°?”’ 

As rhabdomyosarcomas are rare, the differential diagno- 
sis is of considerable importance. In children, Wilms tumors 
may contain elements of skeletal muscle, and the existence 
of rhabdomyosarcoma distinct from Wilms tumor in children 
is important. The variant of Wilms tumor called fetal rhab- 
domyomatous nephroblastoma may have a botryoid archi- 
tecture. Extensive sampling to search for the blastema and 
epithelial elements that would indicate that the tumor is a 
Wilms tumor must be done if the tumor is in a child. A posi- 
tive nuclear immunohistochemical reaction for WT1 would 
also indicate that the tumor is not a rhabdomyosarcoma but 
rather a Wilms tumor. 


Angiosarcoma 
Epidemiology and Clinical Features 


Renal angiosarcomas are rare, fewer than 50 having been 
reported. These are tumors of adults, and there is a pre- 
dominance of males over females of approximately 10:1.°°! 
Unlike angiosarcomas of other organs, no predisposing 
factors or associations with carcinogenic compounds have 
been determined for angiosarcomas originating in the renal 
parenchyma.°” 

Presenting features are weight loss, pyrexia, tiredness, 
hematuria, and abdominal mass.” In addition to angiosarco- 
mas, hemangioendotheliomas (vascular tumors of borderline 
malignancy) have arisen in the kidney." 


Pathology 


Grossly renal angiosarcomas often involve much of the kidney 
and are usually ill defined, variegated, and hemorrhagic and 
may be multifocal. Microscopically, there is varying cellu- 
larity with interdigitating vascular spaces. Nuclear pleomor- 
phism and a high mitotic rate are typical.” Angiosarcomas 
show positive expression of CD31, CD34, and factor VIII. 
Electron microscopy usually shows Weibel-Palade bodies, 
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tight junctions, and neolumina-containing red blood cells. 
No consistent genetic abnormality has been reported.?” 
Renal angiosarcoma has a poor prognosis with a mean sur- 
vival of 7 months.” Metastases to the lungs, bone, and liver 
are common, and most patients have metastatic disease at 
presentation. Treatment is generally as for other sarcomas. 


Osteosarcoma 
Epidemiology and Clinical Features 


Primary renal osteosarcoma is rarely seen, with fewer than 
two dozen cases reported in the literature.” These tumors 
occur in elderly patients, with most in the eighth decade. 
Abdominal mass is the most common presenting feature and 
rarely retroperitoneal hemorrhage may occur. Dense calcifi- 
cation is often visible on imaging studies. 


Pathology 


Grossly the tumors are frequently large, gray-brown and 
often have hard, bony foci. The histologic features are typical 
of osteosarcoma with osteoblast-like tumor cells and oste- 
oid. Chondromatous differentiation may also be seen. 
Osteosarcoma-like areas occurring in sarcomatoid renal 
cell carcinoma are probably more common than primary renal 
osteosarcoma. Tumors must be sampled carefully to exclude 
coexisting epithelial or sarcomatoid elements, and immuno- 
histochemistry may be helpful. Osteosarcoma metastatic to 
the kidney must also be excluded. Most renal osteosarcomas 
show extensive extrarenal extension at diagnosis, and most 
patients die of metastatic disease within a few months. 


Synovial Sarcoma 
Epidemiology and Clinical Features 


In 2000, a series of spindle cell tumors previously desig- 
nated “embryonal sarcoma of kidney” were shown to have 
the SS/8-SSX/ or SS18-SSX2 gene fusions typical of syno- 
vial sarcoma, and primary renal synovial sarcoma was rec- 
ognized.” Approximately 40 cases of synovial sarcoma 
have been reported,”’*°'* with patients’ ages ranging from 
15 to 61 years. The majority of patients were in the fourth 
or fifth decades at presentation, and there is an equal gender 
distribution. 

Renal mass and abdominal or flank pain are the most fre- 
quently reported presenting features of synovial sarcoma, 
while hypertension and hematuria have also been described. 
These tumors may, on occasion, be differentiated from renal 
cell carcinoma clinically by the detection of cystic spaces 
within the tumor on ultrasonography or other imaging studies. 


Pathology 


Gross Features 

Synovial sarcoma is frequently large when diagnosed, rang- 
ing up to 20 cm in diameter. The tumors are soft and rubbery 
or solid, and usually show either focal or diffuse necrosis and 


hemorrhage. Smooth-walled cysts are frequently present, 
and occasionally they predominate to the point that the 
tumors resemble cystic nephroma. 


Microscopic Features 

Renal synovial sarcoma usually shows a monophasic mor- 
phology consisting of spindle cells with ovoid to elongate 
nuclei and scanty cytoplasm. Nucleoli are not prominent. 
Nuclei frequently overlap and mitotic figures are common. 
The nuclei contain clumped chromatin. Pronounced nuclear 
pleomorphism is uncommon. The tumor cells form inter- 
secting fascicles and sheets, and abut directly against or 
infiltrate adjacent renal tissue, without pseudocapsule for- 
mation. Biphasic tumors showing rhabdoid morphology, at 
least focally, have been described. The rhabdoid component 
consists of cells with abundant eosinophilic cytoplasm, 
eccentric nuclei, and prominent nucleoli.?*°'* In these 
tumors, more typical areas of spindle cell morphology are 
usually present. 

The majority of tumors contain epithelial-lined cysts of 
varying size (Fig. 2-129). The cysts are lined by a single layer 
of cuboidal to hobnail cells with eosinophilic cytoplasm and 
ovoid nuclei. On occasion the cysts may predominate, and 
in some areas these tumors may resemble cystic nephroma. 


Ancillary and Special Studies 

Variable expression of BCL2, EMA, CD99, CD56, and 
CD34 has been described, while cytokeratins are rarely posi- 
tive. The spindle cells frequently express vimentin and cal- 
ponin. Expression of desmin, smooth muscle actin, or S-100 
protein is not seen. Cyst-lining epithelial cells show positiv- 
ity for cytokeratins 


Genetics 

Synovial sarcoma shows the reciprocal translocation t(X;18) 
(p11.2;q11.2). This results in fusion of the SS/8 gene on 
chromosome 18 to one of the SSX genes on chromosome 
X.° There are five genes in the SSX gene family, although 
the SS/8-SSX gene fusions seen in synovial sarcoma involve 


as 


Figure 2-129 W Synovial sarcoma. Renal synovial sarcomas 
are sometimes markedly cystic. 
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only SSX/7 and SSX2.°'' The SYF-SSX fusion gene transcript 
is detectable in both fresh and paraffin-embedded tissue by 
RT-PCR and if present is diagnostic for synovial sarcoma. 
Most renal synovial sarcomas are of the monophasic type 
and this has been associated with the SS/8-SSX/ transloca- 
tion. Interestingly, both spindle cell and tumors with rhab- 
doid elements have been found to have SY7-SSX2 fusion 
transcripts.°°%?!? 


Differential Diagnosis 


Synovial sarcomas should be differentiated from other pri- 
mary renal spindle cell neoplasms. The major differential 
diagnosis is sarcomatoid carcinoma where the sarcomatoid 
component has overgrown the original epithelial neoplasm. 
Sarcomatoid carcinoma will often retain expression of cyto- 
keratins, at least focally, and expression of PAX8 is present 
in the majority. Desmosomes may be identified by electron 
microscopy. 

Blastema-predominant Wilms tumors may superficially 
resemble synovial sarcoma. Careful sampling will usually 
reveal the epithelial components of Wilms’ tumor, while 
stromal differentiation should also exclude synovial sar- 
coma. Renal primitive neuroectodermal tumor may also 
cause diagnostic difficulty although positive expression of 
FLI1 and neuroendocrine markers is usually helpful. Clear 
cell sarcoma of kidney and cellular mesoblastic nephroma 
occur in younger patients, although in some instances these 
tumors, as well as other primary sarcomas of the kidney, can 
only be differentiated through genetic studies for the translo- 
cations typical of synovial sarcoma. 


Prognosis and Treatment 


Follow-up studies of renal synovial sarcoma show a high 
incidence of postoperative metastases. It has been suggested 
that monophasic synovial sarcomas have a more favorable 
prognosis than biphasic tumors, although this is debated.?!°?!! 


MIXED MESENCHYMAL AND EPITHELIAL TUMORSem 


Cystic Nephroma 
Introduction 


Cystic nephroma was first described by Walter Edmunds in 
1892.°'® During the last 100 years, many terms have been 
applied to this lesion, reflecting diverse views on its patho- 
genesis. Although Edmunds regarded cystic nephroma as a 
neoplasm, some have considered it to be a developmental 
lesion. Osathanondh and Potter?!’ considered multilocular 
cysts to be a form of renal dysplasia, an opinion shared by 
Tang et al.,’'® who, based upon their ultrastructural observa- 
tions, concluded that cystic nephroma results from segmen- 
tal maldevelopment of the ureteric bud. Coming full circle, 
Joshi and Beckwith™ revived the notion that cystic nephroma 
is a neoplasm. They suggested that it is closely related in 
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pathogenesis to nephroblastoma, possibly being an extremely 
differentiated cystic partially differentiated nephroblastoma, 
a view shared by Hartman et al.” Progressive enlargement 
when followed without resection, a property suggestive of a 
neoplastic process, has twice been reported in detail. 

Diagnostic criteria for cystic nephroma were first formu- 
lated by Powell et al.,°”° in 1951. These criteria subsequently 
were reformulated by Boggs and Kimmelstiel and later by 
Eble and Bonsib.?'?°*! 

Many pathologists believe that cystic nephroma and 
mixed epithelial stromal tumor are part of the spectrum of a 
single tumor.”**°* This is the approach taken in the current 
International Society of Urological Pathology classification.’ 
We are not convinced of this and continue to use these diag- 
noses separately. 


Epidemiology and Clinical Features 


Cystic nephroma often is found incidentally by radiologic 
examinations for other conditions?” but may present as a pal- 
pable mass in the flank*'*”’ or with pain or hematuria. Rarely, 
cystic nephroma is bilateral.””°°*° Delahunt et al.,”! reported 
a familial cluster of cystic nephroma in association with pleu- 
ropulmonary blastoma (Box 2-7). Data on age and gender 
are available for almost 200 cases of cystic nephroma. The 
data are not from population-based series but instead reflect 
the consultation referral patterns of cystic kidney lesions to 
William Beaumont Hospital,” kidney tumors to the Armed 
Forces Institute of Pathology,” and pediatric kidney tumors 
to the NWTS.*™ The review of Castillo et al.”* is a collection 
of reported cases from around the world. It is apparent from 
these studies that most lesions occur in children younger than 
4 years and in that population, males predominate in a ratio 
of approximately 2:1. Cystic nephroma is exceptional from 
age 5 to age 30, accounting for merely 5% of the total. Above 
age 30, there is another group of patients whose ages range 
into old age. In this adult population, women predominate 
over men by approximately 8:1. Most authors believe that 
cystic nephroma in the pediatric age group and in adults rep- 
resent two different and unrelated entities. 


Pathology 


Gross Features 

Cystic nephromas are typically round expansile masses that 
are well demarcated from the surrounding kidney by a thick 
fibrous pseudocapsule, (Fig. 2-130) which may occasionally 


Box 2-7 @ PLEUROPULMONARY BLASTOMA 
AND CYSTIC NEPHROMA 


e Familial association first described in 1993 

e Cystic nephroma in 6% of patients and families with 
pleuropulmonary blastoma 

e Associated with pediatric cystic nephroma 

e Mutation of DICER7 gene implicated 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


160 Urological Pathology 


Figure 2-130 W Cystic nephroma. The tumor is entirely 
cystic and separated from the renal parenchyma by a fibrous 
pseudocapsule. 


contain a few tubules and glomeruli, indicating its origin from 
compression of the adjacent renal tissue. The tumors vary 
widely in size (averaging 9 cm in diameter in a large series). 

The location within the kidney is variable: cystic 
nephroma commonly herniates into the renal pelvis’ or 
renal sinus**° or may bulge from the renal cortex. Rarely, the 
tumor may be predominantly in the renal sinus with only 
tenuous connection to the renal parenchyma.3°>’ The tumor 
is completely cystic and there are no solid nodules. The cysts 
contain clear or hemorrhagic fluid with chemical properties 
similar to serum”? and range in size from microscopic to 
5 cm or greater. The septa are thin (typically <5 mm), trans- 
lucent, and uniform. Necrosis and hemorrhage are rare 
except when the tumor has herniated into the renal pelvis. 
The septa may become focally calcified.” 


Microscopic Features 

Cystic nephromas are simple structures (Fig. 2-131). The 
cysts are lined by a single layer of flattened, cuboidal, or 
hobnail epithelium. Occasionally the lining cells have pale 
or clear cytoplasm. Mitotic figures are not visible or are very 
rare. Many tumors have areas of cystic surface that lack 
epithelium. 

The septa are thin and correspond to the outlines of the 
cysts, without expansile nodules. The septal stroma consists 
of fibrous tissue that varies from myxoid to collagenous 
(Fig. 2-132). Sometimes it is cellular and the cells have a 
wavy appearance that brings ovarian stroma to mind.?3°" 
Skeletal muscle and fat are not present in the septa.654933-934 
Smooth muscle differentiation is usually no greater than 
subtle in hematoxylin and eosin-stained sections. The septa 
of cystic nephroma often contain small cysts lined by bland 
cuboidal epithelial cells resembling renal tubules cut in 
cross section. 


Figure 2-131 E Cystic nephroma. The septa often contain 


small cysts. 


A few cystic nephromas have been examined by fine nee- 
dle aspiration cytology.” The cytologic findings have 
included papillary clusters and small sheets of cohesive epi- 
thelial cells with vacuolated or scant cytoplasm. There has 
often been a high nuclear/cytoplasmic ratio and the nuclei 
have often had irregular contours and prominent nucleoli. 
The background has been proteinaceous or inflammatory 
without necrosis. Hughes et al.”* emphasized the difficulty 
in distinguishing these findings from those of cystic renal 
cell carcinoma. 


Ancillary and Special Studies 

The epithelium lining the cysts typically gives a nicely 
positive immunohistochemical reaction with antibodies to 
cytokeratins (CAM 5.2, AE1/AE3, and cytokeratin 19).°“ 
A positive reaction with antibody to smooth muscle—specific 
actin is very common in the septal stromal cells, but positive 


may be flattened, may be cuboidal, or may have a hobnail appear- 
ance. The septa are composed of spindle cells and are often densely 
collagenized. 
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reactions for desmin are much less frequent.“ Positive reac- 
tions for estrogen receptor and progesterone receptor are 
found in the stroma of about 50% of cystic nephromas.”™ 

Ultrastructural studies by Coleman®” showed that the lin- 
ing cells have short microvilli, and Tang et al.” concluded 
that they closely resemble the epithelium of the collecting 
tubules. Shimokama and Watanabe” used scanning electron 
microcopy to demonstrate long cilia and variable numbers of 
microvilli on the surfaces of the epithelial cells. 


Differential Diagnosis 


Tumors with the gross and microscopic appearances of cys- 
tic nephroma found in young children have historically been 
called cystic nephroma by pediatric pathologists, surgeons, 
and oncologists. Almost all of these tumors have occurred in 
children younger than 48 months, and in this population, the 
ratio of boys to girls is about 2:1. An alternative that we prefer 
is to consider these tumors in this population to be cystic par- 
tially differentiated nephroblastomas in which the component 
of recognizable Wilms’ tumor elements is very small or absent. 

Tubulocystic renal cell carcinoma is a potential differ- 
ential diagnostic consideration. Grossly, the cysts in cystic 
nephroma tend to be, on average, much larger than the cysts 
of tubulocystic renal cell carcinoma and more variable in 
size. The septa of cystic nephroma usually are thicker and 
stiffer than the septa of tubulocystic renal cell carcinoma. 
Microscopically, the cells lining the cysts of tubulocystic 
renal cell carcinoma have more prominent nucleoli, a greater 
tendency to form apocrine-like cytoplasmic “snouts,” and 
are much less likely to become flattened and inconspicuous 
than the cells lining the cysts of cystic nephroma. 

The poorly defined and rare entity known as “segmental 
cystic dysplasia” of the kidney also comes up in the differen- 
tial diagnosis of small lesions.” If the lesion is an expansile 
roughly spherical lesion with a pseudocapsule, it should be 
diagnosed as a cystic nephroma. Occasionally, the collision 
of a few simple cysts in the renal cortex will raise the pos- 
sibility of an early cystic nephroma. If any glomeruli are 
present in the septa it is easy to recognize that the lesion is 
merely a collision of simple cysts. 


Prognosis and Treatment 


Nephrectomy and partial nephrectomy are curative, but 
incomplete excision with a nephron-sparing procedure such 
as partial nephrectomy has occasionally been followed by 
local recurrence.” There are a few old reports of sarcoma 
arising in cystic nephroma, but these probably were exam- 
ples of renal synovial sarcoma.”™ 


Mixed Epithelial and Stromal Tumor 


Introduction 


Early reports of mixed epithelial and mesenchymal tumors 
in adults applied the terms “cystic hamartoma of the renal 
pelvis” and “adult mesoblastic nephroma.”** Mixed 
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epithelial and stromal tumor is the name now used for these 
tumors.*° This tumor is unrelated to congenital mesoblas- 
tic nephroma, and that term should not be used for these 
tumors.” Because of the consistent expression of estrogen 
and progesterone receptors in the spindle cells, the possi- 
bility of a hormonal influence in the development of these 
neoplasms has been raised.*>>! 


Epidemiology and Clinical Features 


Mixed epithelial and stromal tumors are much more common 
in women than in men (4-5:1) and occur over a broad age 
range’?! including a few in prepubertal children.*” Mixed 
epithelial and stromal tumors have been described in the 
hyperparathyroidism—jaw tumor syndrome related to germline 
mutations in the cell division cycle 73 gene (HUGO-approved 
gene symbol: CDC73), previously known as HRPT2 gene 
(Box 2-8).88°5 Some studies have found an association with 
estrogen therapy, but the clinical information has been very 
sketchy for most reported cases.” Presenting complaints 
have been similar to other renal neoplasms. Radiologically, 
mixed epithelial and stromal tumors are complex solid and 
cystic lesions that are classified as Bosniak category 3 or 
4.955256 Whether the epithelial component represents an intrin- 
sic part of the tumor or entrapped tubules has been debated.” 
Genetic analysis using microdissection of the epithelial and 
mesenchymal components demonstrated nonrandom X chro- 
mosome inactivation in both components suggesting that 
both are neoplastic and of a common origin.” 


Pathology 


Gross Features 

Mixed epithelial and stromal tumors are typically solid with 
some cysts (Fig. 2-133). The proportions of solid and cystic 
tissue are variable, but predominantly cystic ones are a small 
minority. Some tumors have been well circumscribed and 
others infiltrative. Some have been very small incidental find- 
ings in kidneys removed for other reasons.” Occasionally, 
they grow into the lumen of the renal pelvis and even into 
the ureter as a polypoid mass. A peculiar feature is the devel- 
opment of domed nodules that protrude into the lumens of 
large cysts or the renal pelvis (Fig. 2-134). 


Box 2-8 @ FEATURES OF THE 


HYPERPARATHYROIDISM-JAW TUMOR 
SYNDROME 


e Parathyroid adenoma or carcinoma with 
hyperparathyroidism 

e Fibro-osseous lesions of mandible and maxilla 

e Renal pathology includes (not well characterized) 
o Mixed epithelial and stromal tumor 

Adult Wilms tumor 

Papillary renal cell carcinoma 

Cysts 


oo O 
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Figure 2-133 E Mixed epithelial and stromal tumor showing 
the typical solid and cystic gross appearance. 


Microscopic Features 

Mixed epithelial and stromal tumors often are remark- 
ably complex mixtures of stromal and epithelial elements 
(Fig. 2-135). The epithelial components are frequently strik- 
ingly heterogeneous ranging from simple ducts to complex 
branching glandular formations to florid complex papillary 
structures to microscopic cysts and larger cysts (Figs. 2-136 
and 2-137). In some there are spatulate papillae resembling 
those seen in mammary phyllodes tumors. The epithelial 
cells range from flattened to cuboidal to columnar with clear 
to eosinophilic cytoplasm. Urothelium is present occasion- 
ally. Ciliated and mucin-secreting cells sometimes are pres- 
ent. Cervical glandular and intestinal-type epithelium with 
Paneth-like cells have been reported.” A single tumor con- 
taining elements resembling a mucinous borderline tumor 
has been reported.” The mesenchymal component ranges 
from hypocellular and fibrotic to more cellular fibroblastic 
and myofibroblastic foci to more cellular spindle cell stroma. 
Smooth muscle differentiation often is evident in hematoxy- 
lin and eosin-stained sections, particularly at the periphery 
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Figure 2-134 E Mixed epithelial and stromal tumor showing 
smooth-surfaced mural nodules on the inner surface of a large cyst. 


FiGgure 2-1 
ing a complex mixture of epithelial structures in a background of 
spindle cells with smooth muscle differentiation. 


of the tumor. Patches of closely spaced thick-walled blood 
vessels are sometimes present. Fat is occasionally present 
and may predominate.”°! 


Ancillary and Special Studies 

The spindle cells of the stroma express vimentin, actin, and 
desmin.”°°°5!°54 In most cases, the stromal but not the epi- 
thelial cells express estrogen and progesterone receptors 
(Fig. 2-138).°°°!%4 Estrogen and progesterone receptor 
expression is also found in the stroma of cystic nephroma 
and angiomyolipoma, as well as in reactive renal stroma, so 
their finding is not of great diagnostic utility.°° The spindle 
cells are consistently found to be negative for angiomyoli- 
poma markers HMB45 and melan-A. The epithelial cells 
show expression of renal tubular antigens including PAX2 
and PAX8.*® Ultrastructural studies have shown smooth 
muscle differentiation in the stromal cells.°™ 
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FIGURE 
of small cysts closely resembling nephrogenic adenoma are one of 
the most common epithelial elements in these tumors. 
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Figure 2-137 E Mixed epithelial and stromal tumor. Small 
cysts containing brightly eosinophilic proteinaceous fluid are a 
very common epithelial element. The lumens range greatly in size, 
down to pinpoint or smaller. The stroma here consists of smooth 
muscle and fibrous tissue. 


Differential Diagnosis 


The differential diagnosis includes other tumors that can 
have a mixture of epithelial and mesenchymal elements 
including cystic nephroma, angiomyolipoma with entrapped 
cysts, nephroblastoma, synovial sarcoma, and sarcomatoid 
carcinoma. The last three have histologic features of malig- 
nancy that exclude them. Cystic nephromas are simple cys- 
tic structures without solid areas, and their epithelial cells 
lack the heterogeneity of mixed epithelial and stromal tumor. 
Angiomyolipoma with entrapped cysts has the characteristic 
thick-walled blood vessels and fat; if the latter are not pres- 
ent, positive immunohistochemical reactions for melan-A, 
HMB45, or cathepsin K will confirm the diagnosis of angio- 
myolipoma. Nephroblastoma is recognized by a blastema 


D 
Figure 2-138 W Mixed epithelial and stromal tumor. Immu- 
nohistochemistry with antibody to progesterone receptor is fre- 
quently positive in the nuclei of the stromal cells. 
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component; in the absence of blastema, the epithelial com- 
ponent of nephroblastoma is malignant with cytologic atypia 
and mitotic activity. 


Prognosis and Treatment 


To date, the almost all of the reported cases appear to have 
been cured by surgical resection. A few cases have been 
described that may represent mixed epithelial and stromal 
tumor with sarcomatous or carcinomatous change in the 
mesenchymal component.’ °° In these tumors, the malig- 
nant component appears to have been an obvious and sub- 
stantial part of the tumor. 


NEUROENDOCRINE TUMORS | 


Carcinoid Tumor 
Epidemiology and Clinical Features 


Well-differentiated neuroendocrine tumors, similar to carci- 
noids of the respiratory and gastrointestinal tracts, occur in 
the kidney. To date, fewer than 100 cases have been reported 
with the largest series consisting of 21 patients.” There is an 
even gender distribution, and tumors most frequently occur 
between the third and sixth decade, with a mean age at pre- 
sentation of approximately 50 years.°”°”! There is an asso- 
ciation with horseshoe kidney.” Tumors have also been seen 
in association with polycystic kidney.?” 

Most carcinoids are asymptomatic and are discovered 
incidentally. Other presenting features are abdominal mass, 
back or flank pain, anemia, hematuria, or fever. The car- 
cinoid syndrome is rarely seen although other hormonal 
effects, such as Cushing syndrome, have been reported.°”” °” 


Pathology 


Gross Features 

The majority of tumors are intrarenal and may extend 
beyond the renal capsule, while tumors may also arise from 
the renal pelvis.” These tumors are rarely small at diagnosis 
with 70% being >4 cm.” Carcinoids have a typically tan- 
brown cut surface and are usually solid with, at least, focal 
pseudoencapsulation. Occasionally, tumors may contain foci 
of hemorrhage or cystic degeneration.” 


Microscopic Features 

Histologically, renal carcinoids resemble carcinoids found in 
other organs and may form sheets, trabeculae, ribbons, and 
glands (Fig. 2-139A).°”°”! The nuclei are ovoid to elongate 
with finely stippled chromatin and an inconspicuous nucle- 
olus. Mitotic activity is usually <2/10 HPF. Foci of tumor 
necrosis are rare. 


Ancillary and Special Studies 

Most tumors are argentaffin and argyrophil negative. 
Immunohistochemistry for synaptophysin and chromo- 
granin is positive in 90% or more of renal carcinoids 
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positive reaction in the cytoplasm of the carcinoid cells. 


(Fig. 2-139B).”! Cytokeratin CAM 5.2 and vimentin are 
usually positive. Importantly for the differential diagnosis 
with primitive neuroectodermal tumor, a strong membra- 
nous reaction for CD99 is found in approximately 85% of 
renal carcinoids.” At least focal positivity for cytokeratin 
7 and 20, and prostate-specific acid phosphatase have also 
been reported in occasional cases.?”°’* PAX2 and PAX8 
were not detected in any of nine renal carcinoids studied.” 
Ultrastructural examination shows typical membrane-bound 
neurosecretory granules.?”° 

A few genetic studies have been undertaken, and abnor- 
malities of chromosomes 3 and 13 have been reported.?”?®° 


Differential Diagnosis 


The differential diagnosis is other renal neuroendocrine 
tumors, although carcinoids showing a typical morphology 
should present little diagnostic difficulty. Small cell carci- 
noma, neuroblastoma, and primitive neuroectodermal tumor 
usually demonstrate significant mitotic activity. Small cell 
carcinoma often has little cytoplasm and prominent nuclear 
molding, while neuroblastoma has a typical stroma, and 
primitive neuroectodermal tumor is CD99 positive. 


Prognosis and Treatment 


Approximately 50% of patients, and 60% of patients with 
tumors >4 cm in diameter, have metastases at presentation. 
An age of >40 years at diagnosis, the presence of solid tumor, 
extrarenal spread, and a mitotic rate >1/10 HPF have been 
shown to be associated with an adverse prognosis.’ Despite 
the high incidence of metastasis at presentation, patients 
with renal carcinoid have a protracted clinical course. In the 
largest reported series, only one patient with both liver and 
bone metastasis had died of disease, while 47% were alive 
without active disease and one had died of other causes, in 
follow-up periods ranging from 1 to 5 years. 


Neuroendocrine Carcinoma 
Epidemiology and Clinical Features 


To date, fewer than 100 cases of neuroendocrine carcinoma 
of the kidney have been described.”*' Most are small cell 
carcinomas, with or without urothelial elements, that may 
also show foci of squamous or glandular differentiation.” 
Large cell neuroendocrine carcinoma of the kidney is much 
rarer.” Median age at diagnosis is 60 years, and presenting 
features are frequently flank pain and hematuria.””!282.985.986 
Renal neuroendocrine carcinoma has a poor prognosis. 
Metastases at presentation are frequent, and survival beyond 
a few months is uncommon.**” 


Pathology 


Renal neuroendocrine carcinomas are usually irregular and 
large, and are tan-gray with extensive necrosis and hemor- 
rhage. When small, tumors most commonly occur adjacent 
to the renal pelvis or within the renal sinus, which supports 
the suggestion that the majority of these tumors originate 
from the urothelium of the renal pelvis or calyces. 


Microscopic Features 

Histologically, these tumors show features similar to small 
cell carcinoma of the lung with round to oval cells containing 
scanty cytoplasm and exhibiting varying degrees of nuclear 
molding. Immunohistochemistry for pancytokeratin shows 
dot-like expression in the vast majority of these tumors.’ 
Immunohistochemical reactions for synaptophysin and 
chromogranin are positive in 50% to 75% of renal neuro- 
endocrine carcinomas.” CD56, Leu 7, and neuron-specific 
enolase are variable.?”!*!°*° Ultrastructurally these tumors 
contain dense-core neurosecretory granules.” Genetic stud- 
ies have been undertaken in a few cases, and these show 
multiple chromosome gains, loss of 7P53, and amplification 
of the MYC gene.”®! 
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The differential diagnosis includes urothelial carcinoma 
with small cell differentiation of the renal pelvis and meta- 
static tumor, with lung being the most likely primary site. 
The presence of an identifiable urothelial component would 
be consistent with renal pelvis origin. The possibility of 
metastasis requires exclusion by clinical history. 


Primitive Neuroectodermal Tumor or Ewing 
Sarcoma 


Epidemiology and Clinical Features 


The Ewing family of tumors is a group of tumors composed 
of small cells, which includes Ewing sarcoma of bone, 
extraskeletal Ewing sarcoma, Askin tumor, and primitive 
neuroectodermal tumor. Although renal primitive neuroecto- 
dermal tumors are uncommon, 79 cases were reported from 
the NWTS in 2001, 11 from a multicenter collaboration in 
2002, and 16 from a single center in 2008.°°7° Many of 
those referred to the NWTS were referred because mono- 
phasic blastemal Wilms tumor was suspected.’ 

The first case of renal primitive neuroectodermal tumor 
was reported in a 2-year-old male in 1975.° The age at 
presentation has ranged from <1 year to 75 years (with the 
majority of patients in the range of 16 to 25 years), and there 
is an equal gender distribution.**”°** Primitive neuroectoder- 
mal tumors in children are much rarer than in adults.”!°” 

The presentation of these tumors is nonspecific, with 
abdominal flank pain being most common and hematuria, 
night sweats, abdominal mass, and metastatic disease less 
frequent.?8%939%4 


Pathology 


Gross Features 

Primitive neuroectodermal tumors are frequently large 
at presentation, and in one series ranged from 8 to 16 cm 
(median 11 cm) in diameter.” The tumors are usually poorly 
circumscribed, solid, and lobulated, being tan to yellow on 
cut surface and frequently with necrosis and hemorrhage. In 
occasional cases, cysts are present. 


Microscopic Features 

Renal primitive neuroectodermal tumor is similar histologi- 
cally to its extrarenal and skeletal counterparts. The tumors 
are composed of sheets of small cells with scanty cytoplasm 
that may occasionally appear clear.” Where present, cells 
with clear cytoplasm usually show positive staining with 
periodic acid—Schiff, which is abolished by diastase diges- 
tion. The nuclei are vesicular; nucleoli are inconspicuous, and 
mitotic figures are common. Occasionally there are rosettes. 
The tumor usually infiltrates adjacent renal tissue, and extra- 
renal extension and invasion of the renal vein are common. 


Ancillary and Special Studies 

CD99 is expressed in more than 90% of renal primi- 
tive neuroectodermal tumors, and the CD99 staining is 
typically membranous.” About two-thirds of these tumors 
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give a positive nuclear reaction for FLI1.” Positive reac- 
tions for cytokeratin are seen in <10% of these tumors.”” 
In the few cases studied, expression of synaptophysin was 
reported.’ Approximately 25% of renal primitive neu- 
roectodermal tumors show positive nuclear reactions for 
WT1°7"885 and are rarely positive for CD31. 

Electron microscopy usually demonstrates neural features 
with cytoplasmic processes containing microtubules and 
dense core granules. In some tumors, cells show epithelioid 
features, and intracytoplasmic glycogen may be present.’ 


Genetics 

The vast majority of these tumors contain translocations 
involving the EWSR/ gene on chromosome 22. Most fre- 
quently, the translocation fuses EWSR/J with FLI on chro- 
mosome 11. In a minority of these tumors EWSRI/FLII 
fusion transcripts, representing the molecular equivalent of 
t(11;22), are demonstrable by RT-PCR.”57 FLI/ is a mem- 
ber of the E26 transformation-specific family of genes and 
occasionally EWSR1 is fused to other members of this fam- 
ily: ERG, ETV, or FEV. Rarely, FUS on chromosome 16 can 
substitute for EWSR/, and an FUS/ERG fusion has been 
reported in a renal primitive neuroectodermal tumor.” 


Differential Diagnosis 


Primitive neuroectodermal tumor must be differentiated from 
blastema-predominant Wilms tumor. Wilms tumor typically 
has overlapping nuclei and may show focal epithelial differen- 
tiation. The detection of CD99, vimentin, and FLI1 in primi- 
tive neuroectodermal tumor combined with a negative reaction 
for WT1 is useful diagnostically, although very occasionally 
Wilms tumor may give a positive reaction for CD99. 


Prognosis and Treatment 


Most tumors are high stage at presentation’ with extrarenal 
infiltration and renal vein invasion. Common metastatic sites 
are bone and lung. In one series, 4/14 patients died of dis- 
ease with follow-up to 35 months, while in another series 5/8 
patients had died with a median follow-up of 17 months.°87°88 
With aggressive chemotherapy and radiotherapy, a 5-year 
survival of 40% to 50% has been achieved.”*”” 


Neuroblastoma 
Epidemiology and Clinical Features 


Primary adrenal and retroperitoneal neuroblastoma may infil- 
trate the kidney; however, in such instances imaging studies 
usually permit identification of the primary tumor site.!” 
Rarely neuroblastoma may originate in the kidney, and this 
can result in diagnostic difficulty especially with core biop- 
sies. At the time of presentation, Wilms tumor is important 
in the differential diagnosis." Constitutional symptoms or 
intratumoral calcification are preoperative findings that favor 
neuroblastoma over Wilms tumor and suggest laboratory 
measurement of urinary catecholamines. 
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Pathology 


Renal neuroblastomas are often large firm tumors with a 
yellow-red cut surface and areas of hemorrhage.!° Some are 
within the renal parenchyma! while others arise within the 
renal sinus, not involving the adrenal gland.'° Histologically, 
renal neuroblastoma consists of small round cells with nuclei 
showing a salt and pepper chromatin pattern. Homer-Wright 
rosettes may be present. Although stroma-poor tumors may 
resemble nephroblastoma, intratumoral calcification, vascu- 
lar encasement on imaging, and elevated urinary catechol- 
amines are indicative of neuroblastoma.!°” The presence of 
epithelial elements or positive nuclear immunohistochemi- 
cal reactions for WT1 are diagnostic of nephroblastoma.!0™ 


Pheochromocytoma or Paraganglioma 


Rare cases of intrarenal pheochromocytoma or paragan- 
glioma have been reported. These range in size from 2.5 to 
20 cm and may present as abdominal pain or mass, or hyper- 
tension.!0>!°°° Tumors may be intrarenal or may originate 
from the renal sinus. Grossly these tumors are yellow-brown 
to tan and frequently appear cystic.'°!°°” Microscopically, 
renal pheochromocytoma resembles similar tumors found 
within the adrenal and elsewhere, and have an identical 
immunohistochemical expression pattern. 

Renal pheochromocytoma mimics renal cell carcinoma 
clinically and grossly, and may cause diagnostic difficulty 
microscopically, although immunohistochemistry is usually 
helpful.!°’ These tumors are usually benign, although in one 
case metastatic spread occurred 13 years after diagnosis.!0” 


HEMATOPOIETIC AND LYMPHOID TUMORS 


Lymphoma 
Epidemiology and Clinical Features 


Malignant lymphoma involving the kidney is either primary or 
secondary disease. A diagnosis of primary renal lymphoma is 
usually restricted to those cases with localized renal disease, 
although the term has also been used to include those with 
renal involvement as the presenting feature.'°!° There is some 
debate as to whether primary lymphoma occurs in the absence 
of occult disseminated disease, as in most cases extranodal 
lymphoma developed shortly after diagnosis.'°'''°'? Despite 
this, cases of primary renal lymphoma without progression or 
with no evidence of lymphadenopathy at surgery have been 
reported." Secondary renal lymphoma, the involvement of 
the kidney as an extranodal manifestation of systemic dis- 
ease, is more frequently encountered. 

Primary renal lymphomas are seen in 3% of patients pre- 
senting with renal masses and account for 0.7% of extranodal 
lymphomas,'°!°!°!!-'°'4 with bilateral disease being present in 
43% of cases.'°'* There is a male predominance, and patients 
range in age from 20 to 82 years, with most patients present- 
ing in the eighth decade. '0'1110!4.1015 


Secondary involvement of the kidney in systemic lym- 
phoma is seen commonly in advanced disease and is identi- 
fied in 30% to 50% of cases at autopsy.!°™!°!5 In addition to 
renal involvement by both non-Hodgkin and Hodgkin lym- 
phoma, infiltration of the kidney has also been reported in 
intravascular malignant lymphomatosis and EBV-associated 
posttransplant lymphoproliferative disease.'°'° 

There are reports of renal cell carcinoma and lymphoma 
developing in the same patient.!°!7!°'8 This appears to be a 
late treatment effect and is seen more frequently with non- 
Hodgkin rather than Hodgkin lymphoma. 

Diagnostic criteria for primary renal lymphoma are (1) 
renal failure as an initial presenting feature, (2) enlargement 
of the kidneys without obstruction or other organ or nodal 
involvement, (3) absence of other causes of renal failure, (4) 
diagnosis made by renal biopsy, and (5) rapid improvement 
of renal function after therapy. °" 

A variety of signs and symptoms have been reported in 
association with primary renal lymphoma including abdomi- 
nal mass, weight loss, back and flank pain, hematuria, anorexia, 
and acute renal failure.'°'!'°'4'°'5 These features are nonspe- 
cific, and in many of the cases, a primary epithelial malig- 
nancy was suspected, with definitive diagnosis being made 
following nephrectomy.'®'''°'4 Similarly, the clinical features 
of secondary renal lymphoma are nonspecific although sur- 
prisingly the majority of patients are free of renal symptoms 
at the time of diagnosis.'°'' Patients with HIV-related acquired 
immunodeficiency syndrome show a predisposition to immu- 
noblastic and Burkett subtypes of non-Hodgkin lymphoma. 


Pathology 


Gross Features 

The macroscopic appearance of renal lymphoma is variable, 
and several patterns have been described. Tumors may form 
solitary or multiple masses (Fig. 2-140), or show infiltration 
from contiguous retroperitoneal disease or diffuse infiltra- 
tion, and these patterns are reflected in reported radiologic 
findings. With localized disease, the tumors usually form 
soft, fleshy or firm, white to gray nodules, which are typi- 
cally visible on the cortical surface of the kidney. Localized 
tumors frequently arise in the renal sinus and expand to sur- 
round and infiltrate hilar structures.4°%!'''!°'9 In advanced 
disease, tumor may extend to encase the adrenal gland, ure- 
ter, renal artery, or renal vein, and this may be associated 
with hydronephrosis. On rare occasions, tumor occlusion or 
thrombosis of major renal arteries or veins may be seen, and 
clinically renal lymphoma may mimic renal cell carcinoma 
with renal vein or vena cava involvement. 

Less frequently lymphoma diffusely infiltrates the kidney. 
Here there is expansion of the renal volume, while the renal 
cortex and medulla are pale, with obliteration of the cortico- 
medullary junction.“ 


Microscopic Features 
The microscopic features of renal lymphoma vary according 
to the type of lymphoma. Where the lymphoma consists of 
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Figure 2-140 E Lymphoma forming a discrete large fleshy 
mass. 


discrete nodules, there are sheets of tumor cells with efface- 
ment of renal architecture. At the periphery of the nodules 
there is often interstitial infiltration with adjacent fibrosis and 
relative sparing of glomeruli and tubules.!°!° In cases where 
there is a diffuse infiltrate of lymphoma cells, there is infil- 
tration of the renal interstitium (Fig. 2-141) and again, rela- 
tive sparing of glomeruli and tubules is commonly seen.'°!3 
All morphologic varieties of lymphoma have been 
reported, with diffuse large B-cell lymphomas being more 
commonly seen than small cell lymphomas. Hodgkin lym- 
phoma is unusual, while rare examples of low-grade mucosa- 
associated lymphoid tissue lymphomas have been descri 
bed .4°8:1011,1013,1014,1020 A's with all cases of lymphoma, panels of 
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immunohistochemical stains,supported, where appropriate, 
by flow cytometry and genetic studies, are necessary for 
definitive diagnosis. 

In cases of intravascular malignant lymphomatosis neo- 
plastic cells are seen within glomerular capillaries. Tumor 
cells are also marginated in interstitial capillaries, with early 
infiltration into the interstitium. 1016-102! 

Posttransplant lymphoproliferative disease, resulting 
from an uncontrolled proliferation of EBV-transformed B 
cells, is associated with a spectrum of lymphoproliferative 
lesions, including B-cell lymphoma. This is characterized 
by expansile nodules of atypical EBV-infected B cells with 
foci of serpiginous necrosis. Hemorrhage, infarction, vascu- 
litis, tubulitis, and interstitial infiltrates are also frequently 
present. 

Lymphoma has been associated with paraneoplastic 
glomerulopathy. With non-Hodgkin lymphoma, minimal 
change disease and amyloidosis may be seen. Glomerular 
lesions have been reported in association with non-Hodgkin 
lymphoma; however, these are rarely seen, and the wide vari- 
ety of glomerulopathies reported has led to the suggestion 
that any association is coincidental.!°!° 


Differential Diagnosis 


Renal lymphoma frequently mimics renal carcinoma both 
clinically and on imaging studies. In these cases, the correct 
diagnosis may be suspected if there is involvement of perire- 
nal structures or the renal hilum. 


Prognosis and Treatment 


Although remissions with up to 147 months follow-up have 
been recorded for primary renal lymphoma, progressive 
disease is frequently seen with median survivals of 5.5 to 
34 months.” Secondary renal lymphoma is usually associ- 
ated with advanced disease and has a poor prognosis. 


Plasmacytoma 
Epidemiology and Clinical Features 


Extraosseus plasmacytoma originating in the kidney is 
rare, with most instances being a manifestation of systemic 
disease. In multiple myeloma, extramedullary lesions are 
present in 76% of cases, with the organs most commonly 
involved being, in descending order of frequency, the liver, 
spleen, lymph nodes, and kidney. In some instances, plas- 
macytoma detected on imaging is considered to be renal cell 
carcinoma or urothelial carcinoma of the renal pelvis, and 
in such cases the correct diagnosis is only made following 
nephrectomy. 0” 

Fewer than 20 cases of renal plasmacytoma have been 
reported.!+-!°*6 There is a 3:1 male predominance, and most 
patients present in the sixth decade.'? Presenting features 
include abdominal mass, hematuria, weight loss, and renal 
failure, while some tumors are detected as an incidental find- 
ing following investigations of unrelated conditions. !0%!5 
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Pathology 


On macroscopic examination plasmacytoma usually forms a 
well-circumscribed lobulated mass, which has been reported 
to be up to 21 cm in maximum extent. Tumor may also 
involve the renal pelvis, adjacent soft tissue, and lymph 
nodes.!3!°?7 The cut surface of the tumor ranges from light 
gray to tan, and foci of hemorrhage may be present. 

Microscopically, the tumors consist of plasma cells form- 
ing sheets, cords, and follicles, and occasionally a hyaline 
interstitial matrix may be present." The plasma cells are 
usually well differentiated although anaplastic plasmacy- 
toma, with irregular nuclei, prominent nucleoli, and appre- 
ciable mitotic activity, has been described.!°4 


Leukemia 
Epidemiology and Clinical Features 


Leukemic involvement of the kidneys is infrequently encoun- 
tered. From a series of 423 pediatric patients, 12 cases with 
renal involvement were detected by computerized tomog- 
raphy. It is, however, likely that the true incidence was 
underestimated in this study as not all patients underwent 
imaging studies.'°* In this series, patients ranged in age 
from 7 months to 21 years, and the histologic diagnosis was 
acute lymphoblastic leukemia, acute myelogenous leukemia, 
or juvenile myelomonocytic leukemia. In all cases, there 
were additional sites of extramedullary disease. Unilateral 
or bilateral renal enlargement and focal renal parenchymal 
abnormalities were commonly seen, although renal dysfunc- 
tion was present in only two patients. This contrasts to other 
reports where recent-onset renal failure has been shown to be 
associated with leukemic involvement of the kidneys. 101030 
Bilateral nephromegaly is a rare presentation.'™! 

Myeloid sarcoma, previously known as chloroma and 
granulocytic sarcoma, has, in rare instances, been reported 
from the kidney.!°?!°3 Most tumors were found in autopsy 
studies, and multiple extrarenal leukemic masses were usually 
present. Clinical evidence of renal impairment is uncommon, 
with acute renal failure being seen in only five cases to date. 1 


Pathology 


Histologically these tumors consist of primitive granulocytic 
precursor cells. Eosinophilic myelocytes may resemble lym- 
phoma and it has been shown that an immunohistochemical 
panel of CD20, CD43, C68, and M10 will identify 96% of 
cases.'°° CD33 immunoreactivity has also been reported.!°° 

Myeloid sarcoma usually develops in patients with known 
leukemia or myeloproliferative disorder.!°*!°° When tumor 
occurs in isolation, most patients develop leukemia within 
2 years. 


Germ Cell Tumors 


Several instances of primary renal teratoma have been 
reported. The majority of these tumors have been diagnosed in 


children, and most have had benign histologic features.!°7 1° 


In rare instances, renal teratoma contained carcinoid 
tumor,!“!!3 and in one case yolk sac tumor was present. 
Tumors involved either the renal parenchyma or renal hilum 
and in two cases were associated with cystic renal dyspla- 
sia.!°°. Occasional cases of apparently primary renal chorio- 
carcinoma have also been described.'° 

The pathogenesis of renal germ cell tumors is uncertain. 
Poorly differentiated urothelial carcinomas may show syn- 
cytiotrophoblastic differentiation and express the B subunit 
of human chorionic gonadotropin,'™° while nephroblastoma 
may show teratoma-like differentiation. 


Metastases 


In autopsy studies, the kidneys are involved by metastases 
in up to 7% of patients dying of cancer with lung being the 
most common site of origin (Figs. 2-142 and 2-143),1%4810” 
Infrequently tumors present with renal metastasis as the pri- 
mary manifestation. In one study of patients with known 
nonrenal malignancy, 21 of 36 renal masses (58%) were 
metastases.!" In some cases, surgical resection of meta- 
static kidney lesions is indicated for intractable hematuria. 
Metastases can be single or multiple; in some cases only 
microscopic involvement, limited to glomeruli, is present.!°! 
In the latter instance, presentation with proteinuria or acute 
renal failure may result.!°? Of note, renal cell carcinoma is 
the most common “host” of tumor-to-tumor metastasis. 1053-1054 


Figure 2-142 E Metastatic pulmonary carcinoma forms a 
large renal mass. 
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Figure 2-143 E Metastatic squamous cell carcinoma in a 
glomerulus. 


Primary lesions detailed in this chapter are identifiable 
when the cytologic, clinical, and radiologic data are evalu- 
ated together. The cytologic diagnosis must adequately 
explain the clinical and radiologic information. If not, con- 
sideration of metastatic disease must be made. Individuals 
with known extrarenal primaries should have their previous 
tissues reviewed. Subsequent ancillary studies to resolve 
diagnostic dilemmas can then be intelligently selected. 


Staging of Renal Cell Carcinoma 


Of the many prognostic indicators investigated for renal cell 
carcinoma, it is recognized that tumor staging is the most 
powerful predictor of outcome in individual cases.'** The 
earliest formalized staging system for renal cell carcinoma 
was proposed by Flocks and Kadesky in 1958, who devised 
a staging classification that focused upon local (intrarenal) 
spread, regional extension, and metastatic disease.'°* This 
staging system was refined by Robson in 1963 and 1969 
with expansion of the categories of extrarenal regional 
tumor extension (Table 2-19).!°°'!°’ This staging system was 
widely adopted and in some centers remains in use today. 


Table 2-19 m ROBSON STAGING 


CLASSIFICATION FOR RENAL CELL 
CARCINOMA 


Stage Features (5 year survival) 

1 Confined to kidney (66%) 

2 Confined to Gerota fascia (64%) 
3a Gross renal vein invasion (42%) 
3b Lymph node invasion (42%) 

3c Combined 3a and 3b 

4a Adjacent organs involved 

4b Distant metastases (11%) 


From Robson CJ. Radical nephrectomy for renal cell carcinoma. J Urol 
1963;89:37-42. 
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In 1977, the Union Internationale Contre le Cancer 
(UICC) and the American Joint Committee for Cancer 
Staging and End Results Reporting (AJCC) proposed the 
TNM staging system for renal cell carcinoma.!°* The first 
edition of the TNM classification for renal tumors was 
overly complex and contained a number of categories with 
unproven prognostic significance. As a consequence of this, 
the staging categories in the second edition published in 
1983 were simplified." Subsequent editions continued to 
make revisions to the various categories (Table 2-20), 10071 
The current 2010 AJCC/TNM classification is presented in 
Table 2-21.10% 

In the 1977 and 1983 TNM classifications, the first 
two staging categories were based upon tumor size (small 
vs. large), although no defining dimensions were identi- 
fied.!®1° This meant that assignment of pT1 and pT2 cat- 
egories was left to the subjective assessment of the reporting 
pathologist. In the 1988 revision the cut point between pT 1 
and pT2 was set at 2.5 cm as it was considered that tumors 
smaller than this were unlikely to be associated with occult 
metastases.'° It was subsequently noted, however, that this 
cut point lacked discrimination, as only 1% to 8% of tumors 
in various series were <2.5 cm in diameter.'* This was 
addressed in the 1997 revision of the staging system, with 
the cut point being raised to 7 cm.'°” In follow-up studies, 
this cut point was found not to adequately stratify metasta- 
sizing and nonmetastasizing tumors, and in 2002 the pT1 
category was subdivided into pT la and pT 1b with a cut point 
at 4.0 cm (Figs. 2-144 and 2-145).!°° In the current edition 
(2010), an additional cut point was placed at 10 cm dividing 
the pT2 category into two subcategories (pT2a for tumors 
>7 and <10 cm and pT2b for tumors >10 cm) (Fig. 2-146).'°™ 

The question of size and where to place specific cut points 
has been extensively studied over the past several decades and 
these have been consistent in finding a correlation between 
tumor size and prognosis. What has been inconsistent is the 
identified optimal cut points to be used to gain the maxi- 
mum prognostic information from tumor size. The previous 
paragraph highlights the changes that have occurred over the 
evolution of the TNM staging system. There are data in the 
literature supporting cut points at 4.0, 4.5, 5.0, 5.5, 6.5, 7.5, 
and 10.0 cm, 139-142,156,1065 

Tumors showing regional spread beyond the confines of 
the kidney have, in all editions of the TNM classification, been 
assigned to the pT3 category. In the 1977 classification this 
incorporated a wide variety of features, but in the subsequent 
editions of the classification this category was simplified to 
include direct infiltration of perinephric tissues or the adrenal 
gland. In more recent studies, it was shown that infiltration of 
tumor into the renal sinus was of prognostic significance! 
and this was included as a feature of the pT3a category in the 
2002 edition of the TNM staging classification. 

In the current staging system, invasion of the perineph- 
ric fat is staged as pT3a (Fig. 2-147). Tumors in the kidney 
frequently bulge beyond the contours of the kidney and 
into the perinephric fat. These tumors are often covered by 
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Table 2-20 m EVOLUTION OF THE UICC/AJCC PRIMARY TUMOR STAGING CATEGORY FOR RENAL 


CELL CARCINOMA 


TNM (First Edition)’: 
T—Primary Tumor 


TNM (Third Edition)”© 
T—Primary Tumor 


TNM (Fifth Edition) 
T—Primary Tumor 


TNM (Sixth Edition) 
T—Primary Tumor 


T1 Intrarenal (small) T1 <2.5cm, limited to kidney T1 < 7cm, limited to kidney Tia<4cm 
T1b > 4-<7 cm 
T2 Intrarenal (large) T2 > 2.5cm, limited to kidney T2 > 7cm, limited to kidney 125 7 cnr 


T3a Confined to 


T3a Invades adrenal gland 


T3a Invades adrenal gland or 


T3a Invades adrenal gland, 


perinephric tissues or perinephric tissues, but 


not beyond Gerota’s fascia 
T3b Grossly into renal vein 
or vena cava 


T3b Involves renal vein 


T3c Involves renal vein 
and infradiaphragmatic 


vena cava 
T4a Invasion of adjacent T4 Invades beyond Gerota's 
structures fascia 


T4b Supradiaphragmatic 
vena cava infiltration 


T3b Grossly into renal 


T3c Grossly into vena cava 


T4 Invades beyond Gerota’'s 


perinephric tissues but not 
beyond Gerota’s fascia 


perirenal tissues including 
renal sinus (peripelvic) fat 

T3b into renal vein, including 
segmental (muscle 
containing) branches or cava 
below diaphragm 

T3c vena cava above 
diaphragm 


vein or vena cava below 
diaphragm 


above diaphragm 


T4 Invades beyond Gerota's 


fascia fascia. 


Data from American Joint Committee for Cancer Staging and End Results Reporting. Staging of Cancer at Genitourinary Sites: Kidney, Bladder, 
Prostate, and Testes. Manual for Staging of Cancer 1977. 1st ed. Chicago, IL: American Joint Committee; 1977:109-130; American Joint Committee 
on Cancer. Kidney. In: Beahrs OH, Henson DE, Hutter RVP et al., eds. Manual for Staging of Cancer. 3rd ed. Philadelphia, PA: J.B. Lippincott Co.; 
1988:199-201; American Joint Committee on Cancer. Kidney. In: Fleming ID, Cooper JS, Henson DE, etal., eds. AJCC Cancer Staging Manual. 5th ed. 
Philadelphia, PA: Lippincott-Raven; 1997:231-234; American Joint Committee on Cancer. Kidney. In: Greene FL, Page DL, Fleming ID, et al., eds. 
AJCC Cancer Staging Handbook. 6th ed. New York: Springer-Verlag; 2002:323-328. 


a thin capsule or pseudocapsule and are still considered to 
be confined to the kidney (pT1 or pT2) (Fig. 2-148). The 
diagnosis of perinephric fat invasion requires histologic con- 
firmation of tumor invading the adipose tissue. Extension of 
the tumor into the perinephric tissue as irregular tongues, 
with or without associated desmoplasia, is also considered 
diagnostic of perinephric fat invasion (Fig. 2-149).!°°7 

Perhaps no specific feature of staging has generated as 
much interest in the last decade as the renal sinus.'° The 
anatomy in this region is complex and includes the rich vas- 
cular and lymphatic networks feeding and draining the kid- 
ney as well as the collecting system including the renal pelvis 
and ureteropelvic junction. Further, the renal parenchyma 
is not separated from the adjacent soft tissue by a defined 
capsule as elsewhere." It has also been demonstrated that 
invasion of the renal sinus is a more common pathway out 
of the kidney than the perinephric fat (Fig. 2-150).'°° and 
that invasion of the renal sinus is frequently associated with 
involvement of lymphatic spaces.'°” 

It has been noted that large intrarenal (pT2) tumors have 
similar outcomes to tumors directly invading into the renal 
sinus (pT3a).!°’! Renal sinus invasion has been validated as 
a prognostic indicator for renal cell carcinoma and has been 
correlated with tumor size, being seen in 97% of clear cell 
renal cell carcinomas >7 cm in diameter." This would indi- 
cate that tumor size predicts renal sinus invasion, and for this 
reason it is surprising that tumors >7 cm in diameter were 
classified as pT2a or pT2b in the seventh edition of the TNM 
classification. As these tumors are almost always likely to 


show renal sinus invasion, it would seem appropriate that 
large tumors be reassigned into the pT3a category. Since 
such a change was not made in the 2010 staging system, it 
is important for pathologists to understand this relationship 
and carefully assess the renal sinus prior to accepting a renal 
cell carcinoma, in particular a clear cell renal cell carcinoma, 
as being pT2. In one interesting study, resection specimens 
from 33 patients with pT1 tumors who had died of their dis- 
ease were compared with a matched group of 33 patients 
not dying of renal cell carcinoma. The gross specimens were 
reexamined and an additional 10 sections submitted from 
the renal sinus; renal sinus invasion was demonstrated in 
42% of the patients who died of disease compared to 6% of 
those who did not.'°” There are also data that indicate that 
renal sinus invasion is associated with a worse outcome than 
perinephric fat invasion. 0” 

The current AJCC/TNM staging manual uses “renal sinus 
fat” to define pT3a disease; however, the histology of the 
renal sinus is such that tumor that clearly is outside of the 
kidney in this region does not necessarily involve fat. The 
ISUP consensus recommendations included a statement 
that a tumor should be considered to involve the renal sinus 
(pT3a) if it involved any renal sinus structures including the 
fat, the loose connective tissue, or endothelial-lined spaces 
of any size (Fig. 2-150).1°°7 

As noted above, involvement of the large vascular 
structures (renal vein and vena cava) draining the kid- 
ney has been included in the definition of regional spread 
(Fig. 2-151). In the 1977 edition, involvement of the renal 
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THE 2010 UICC/AJCC/TNM STAGING CLASSIFICATION FOR RENAL CELL CARCINOMA 


Pathologic staging (oTNM) 


TNM descriptors (required only if applicable) (select all that apply) 


e m (multiple primary tumors) (see template page V) 
e y (post neoadjuvant treatment) 

Primary tumor (pT) 

pTX: Primary tumor cannot be assessed 

TO: No evidence of primary tumor 


T2b: Tumor more than 10 cm, limited to the kidney 


JO) 12) 12) O 0000 Teh 18) TO} 7e) je) 


eyond Gerota fascia 


T1: Tumor 7 cm or less in greatest dimension, limited to the kidney 

T1a: Tumor 4 cm or less in greatest dimension, limited to the kidney 

T1b: Tumor more than 4 cm but no more than 7 cm in greatest dimension, limited to the kidney 
T2: Tumor more than 7 cm in greatest dimension, limited to the kidney 

12a: Tumor more than 7 cm but <10 cm in greatest dimension, limited to kidney 


T3: Tumor extends into major veins or perinephric tissues but not into the ipsilateral adrenal gland and not 


T3a: Tumor grossly extends into the renal vein or its segmental (muscle containing) branches, or tumor invades 
erirenal and/or renal sinus fat but not beyond Gerota fascia. 

T3b: Tumor grossly extends into the vena cava below the diaphragm. 

T3c: Tumor grossly extends into vena cava above diaphragm or invades the wall of the vena cava 


e p14: Tumor invades beyond Gerota fascia (including contiguous extension into the ipsilateral adrenal gland) 


Regional lymph nodes (pN) 
e pNX: Regional lymph nodes cannot be assessed. 
e pNO: No regional lymph node metastasis 
e pN1: Metastasis in regional lymph node(s) 
Specify: Number examined___ 
Number positive — 
Distant metastasis (cM or pM) 
e cMO: No distant metastasis 
e cM1: Distant metastasis (proved by clinical means) 


e pM1: Distant metastasis (proven by microscopic exam of specimen) 


Stage groups 


e Stage | mi 

e Stage II T2 

e Stage III Wi ol2 
TS 

e Stage IV T4 
Any T 


NO MO 
NO MO 
N1 MO 
NO or N1 MO 
Any N MO 
Any N M1 


From American Joint Committee on Cancer. Kidney. In: Edge SB, Byrd DR, Compton CC, et al., eds. AJCC Staging Manual. 7th ed. New York: 


Springer; 2009:479-489, with permission. 


vein or vena cava below the diaphragm were considered 
pT3, but the presence of tumor within the vena cava above 
the diaphragm was placed in the pT4 group. This feature 
was omitted from the 1988 edition of the classification but 
was included in the pT3 category as pT3c in the 1997 and 
2002 classifications. There is some debate as to the prog- 
nostic significance of the level of tumor thrombus within 
the renal vein and vena cava. The 2004 Mayo Clinic clas- 
sification defines five levels of venous involvement depen- 
dent on the position of tumor thrombus.'°” In subsequent 
studies, conflicting results as to the prognostic significance 
of this classification have been reported, with some stud- 
ies validating the classification,'°!°’° while others have 
shown that the level of tumor thrombosis, beyond the renal 
vein, does not influence survival.!™"8! In a large multi- 
institutional series of 1,215 patients with venous exten- 
sion undergoing radical nephrectomy with thrombectomy, 
the 5-year cancer-specific survival was 43% with renal 
vein invasion, 37% with vena cava involvement below the 


diaphragm, and 22% with vena cava involvement above the 
diaphragm. '°%? 

The current AJCC/TNM classification has further modified 
the approach to vascular invasion with renal vein involve- 
ment considered pT3a, vena cava below the diaphragm 
pT3b, and above the diaphragm as pT3c. An additional fea- 
ture is that tumor invasion of the vena cava wall at any level 
is placed in the pT3c category. The definition of renal vein 
involvement (pT3a) is “tumor grossly extends into the renal 
vein or its segmental (muscle containing) branches.” At the 
time of gross dissection, the renal vein and a few of its major 
branches are typically opened and examined, but all segmen- 
tal (muscle containing) branches are unlikely to be evaluated. 
In sections taken from the renal sinus, it is not uncommon to 
find tumor in venous branches (2 to 3 mm or more in diam- 
eter) that have a muscular wall and where no tumor was rec- 
ognized grossly but presumably could have been if the vessel 
had been examined grossly. The ISUP recommendation is 
to consider this as meeting the criteria for inclusion in the 
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Figure 2-144 Stage pTla: A carcinoma within the renal 
capsule and smaller than 4 cm. 


Figure 2-145 Stage pT1b: A carcinoma within the renal 
capsule larger than 4 cm and smaller than 7 cm. 


Figure 2-146 Stage pT2a: A carcinoma within the renal 
capsule larger than 7 cm and smaller than 10 cm. 


pT3a category.'°’ Microscopic lymph—vascular invasion has 
repeatedly been shown to have prognostic significance'*!:!°% 
but is not included in the pT3a category except when found 
in the renal sinus. 

The pT4 category of the TNM classification focuses 
upon extension of the tumor beyond the confines of regional 
boundaries. Direct invasion of the adrenal gland is reported 
to be present in 0.8% to 2.5% of radical nephrectomy speci- 
mens (Fig. 2-152).°%!°84 A major change incorporated into 


FiGuRE 2-147 Stage pT3a: Perinephric fat is invaded. 
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Figure 2-148 E Stage pT2: Th 
within the kidney by an attenuated renal capsule. 


the 2010 AJCC/TNM classification was the reassignment 
of direct invasion of the ipsilateral adrenal gland from the 
pT3a category of earlier classifications to pT4. This change 
was based on studies demonstrating that these tumors had a 
much poorer prognosis than pT3a tumors and more in keep- 
ing with other tumors that had been included in the pT4 cat- 
egory in the 2002 classification.?%* 10841085 

Infiltration of lymph nodes by renal cell carcinoma 
was considered to be local invasion in the Robson stag- 
ing system, but was reclassified as a separate feature—the 
N-category—in the AJCC/TNM classification. In 1977, a 
series of complex N categories was proposed being NO— 
no nodal involvement, N1—single ipsilateral involvement, 
N2—tumor within multiple regional, contralateral nodes 
or within nodes bilaterally, N3—fixed regional nodes, and 
N4— involvement of juxtaregional lymph nodes. In the 1988 
edition of the classification, nodal infiltration by tumor was 


> 
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Figure 2-149 E Stage pT3a: Although surrounded by a des- 
moplastic pseudocapsule, the carcinoma has invaded perirenal fat. 
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Figure 2-150 E Stage pT3a: Invasion of renal sinus soft 
tissue. 


AN 


redefined, with criteria being based upon the size of tumor- 
positive nodes. In this classification a single node <2 cm in 
diameter was classified as N1, while involvement of a single 
lymph node >2 to <5 cm in diameter was classified as N2, 
and the involvement of multiple nodes <5 cm in diameter 
as N3. This was simplified in the 1997 edition of the clas- 
sification, with tumors divided according to the presence 


Figure 2-151 E Stage pT3a: The renal vein is filled with 
carcinoma. 
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Figure 2-152 E Stage 4: The adrenal is invaded by carcinoma. 


of metastases in a single regional lymph node (N1) or in 
multiple nodes (N2), and these criteria were retained in the 
2002 edition of the classification. The current (2010) edi- 
tion further simplifies the nodal classification into a single 
category pN1 that includes any regional lymph node metas- 
tasis (includes para-aortic, periaortic, or any retroperitoneal 
lymph nodes not otherwise specified). 

The presence of lymph node metastases is associated 
with a poor prognosis for renal cell carcinoma. In patients 
undergoing routine lymph node dissection at the time of 
nephrectomy, metastases are identified in 11% to 14.6% 
of cases.!8!°87 In one study, lymph node dissection was 
restricted to patients considered at high risk for metastases 
(based on intraoperative examination and frozen section to 
evaluate pathologic stage, nuclear grade 3 or 4, sarcomatoid 
component, and tumor necrosis); using this approach the 
lymph nodes were positive in 38% of cases.'*** In a series 
of 1,260 patients undergoing lymphadenectomy at the time 
of nephrectomy, the 5-year cancer-specific survival was 
83.8% for pNO versus 38.4% for pN1 patients.'°*° The risk 
of mortality has been reported to be higher with increasing 
numbers of involved lymph nodes.!®® In particular, a sig- 
nificant difference in outcome was noted when nodes were 
divided at a cut point of <4 and >4 involved nodes.” It has 
also been shown that the number of positive nodes increases 
with the number of nodes sampled." In one study it was 
recommended that >12 nodes be sampled for staging pur- 
poses,” and according to another report, 90% of pN1 cases 


would be correctly staged if at least 15 lymph nodes were 
examined. !°°” 

In the first edition of the TNM staging system, distant 
metastases were recorded as MX (not assessed), MO (no 
known metastases), or M1 (distant metastases present) with 
a “+” added to indicate pathologic confirmation.!°* This has 
essentially remained unchanged over the first six editions. 
The current TNM system made one significant change in the 
pM category with ipsilateral adrenal metastases now recog- 
nized as pM1. The other change of note is the elimination of 
pMX as a category (for all tumor sites). In the current system 
the two available categories for reporting pM are either pM1 
or pM not applicable. 

The presence of distant metastases portends a poor prog- 
nosis for renal cell carcinoma.!°!°? The median survival 
for patients with metastatic clear cell renal cell carcinoma 
is approximately 1 year with a 5-year cancer-specific sur- 
vival of 15%.'° In an algorithm for predicting outcome for 
patients with metastatic clear cell renal cell carcinoma, fea- 
tures associated with a worse prognosis included constitu- 
tional symptoms at the time of diagnosis (+2 points), bone 
metastases (+2), liver metastases (+4), multiple metastases 
(+2), metastases within 2 years of nephrectomy (+3), pres- 
ence of a tumor thrombus (+3), primary tumor nuclear grade 
of 4 (+3), and the presence of coagulative tumor necrosis 
(+2). The most favorable feature was complete resection of 
the metastases (—5).!0°° 

The AJCC/TNM staging system, in its current form, 
provides powerful prognostic information.''' Most data 
that have been generated have not been type specific but 
have included all types of renal cell carcinoma. In previous 
sections of the chapter covering specific types of renal cell 
carcinoma, staging data specific to the histologic type are 
discussed where available, and the reader is referred to those 
sections for further information on the impact of stage on 
outcomes of specific types of renal cell carcinoma. Despite 
the established validity of the AJCC/TNM staging system 
as an important prognostic indicator, this staging classifica- 
tion continues to evolve, and it is anticipated that large-scale 
multicenter studies will allow further refinement of its defin- 
ing features. 


Specimen Handling and Reporting 
Introduction 


The treatment of renal cell carcinoma for patients with local- 
ized disease remains largely surgical although, as discussed 
elsewhere, the use of ablative therapies and to a lesser extent 
observational protocols are becoming increasingly popular. 
Both partial and radical nephrectomy is widely used and 
the handling of these specimens will be the focus of this 
section. Proper handling of the specimen is critical for the 
determination of pathologic stage, surgical margin status, 
histologic classification, and tumor grading. A number of 
guidelines for the gross dissection, sampling, and reporting 
of the findings have been published.?!*!* Most recently, 
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the International Society of Urological Pathology has issued 
consensus guidelines on the handling and reporting of renal 
cell carcinoma—containing specimens, and this section 
largely reflects those recommendations.!° 


Radical Nephrectomy 


The majority of radical nephrectomy specimens are received 
in the laboratory either fresh or in a formalin-filled con- 
tainer and in the latter are often in a relatively unfixed state. 
Specimens can be dissected fresh and this is generally pre- 
ferred; if the institutional policy is to allow the specimen to 
fix overnight, it should be initially dissected upon arrival in 
the laboratory. There is usually a significant covering of fat 
that acts as a barrier to penetration by fixatives into the renal 
tissue, and sectioning is necessary to allow optimal fixation. 
It is also often easier to identify the renal artery and vein and 
the ureter in the unfixed state. 

The specimen should be oriented using the ureter and 
adrenal gland as the principal landmarks. The ureter extends 
inferiorly from the renal sinus along the medial border of 
the specimen. It is also possible to identify the laterality of 
the specimen from the position of the ureter if it is a short 
segment, as this normally lies posterior to the renal artery 
and vein. Further, the anterior surface of the kidney is usu- 
ally smoother than the posterior surface. In addition to the 
descending path of the ureter, the position of the adrenal 
gland, when removed as part of the radical nephrectomy 
procedure will provide absolute confirmation as to the iden- 
tification of the upper pole of the kidney. Many surgeons 
do not however remove the adrenal gland routinely when 
performing a radical nephrectomy. Overall dimensions of 
the specimen should be recorded; weighing the entire spec- 
imen has little value. After further dissection, the size of 
the kidney should be measured, and if the perinephric fat is 
removed then the weight of the kidney without the fat can 
be recorded. 

Areas that are suspicious for tumor extending to the sur- 
gical excision margin should be inked prior to dissection. 
Examination of the external surface can reveal roughened 
or disrupted areas that may represent sites of adhesion due 
to invasive tumor. It is unnecessary to ink the whole speci- 
men as in most cases tumor will be contained by the perire- 
nal fat within Gerota fascia and excessive inking makes the 
specimen difficult to handle. The ink also has the potential to 
spread to nonsurgical margins, causing confusion on exami- 
nation of the histologic sections. Excessive ink will often 
obscure the hilar structures. 

It is helpful to have an idea of the position of the tumor 
before commencing dissection, as this will permit sec- 
tioning through its maximum dimension. This can often 
be determined by palpation of the specimen. Accurate 
determination of the maximum dimension of the tumor 
is required for the assignment of the pT1l-pT2 staging 
categories according to the staging criteria of the UICC/ 
AJCC TNM classification." The maximum dimension of 
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FiGURE 2-153 E Renal vein contains carcinoma but the mar- 
gin is clear. 


the tumor is based on the main tumor mass and includes 
tumor that has extended beyond the kidney. Special care 
to identify the maximum dimension of the tumor should 
be taken when it is around the key sizes of 4, 7, and 10 cm. 
If a tumor thrombus is visible, its dimensions should be 
recorded but are not included in the determination of the 
main tumor dimensions. 

In the majority of specimens, the initial section is made 
along the long axis of the kidney. Prior to making this first 
section, the renal vein and ureter should be identified and 
opened. Careful examination of the renal vein and its major 
branches is important as the AJCC/TNM definition of renal 
vein invasion is “tumor grossly extends into the renal vein 
or its segmental (muscle containing) branches.”!° If no 
tumor is evident, the renal vein margin is submitted for his- 
tologic evaluation (often in the same cassette with the ure- 
ter and renal artery margins). If possible tumor thrombus is 
identified, at least one section is submitted to confirm the 
nature of the thrombus; further, areas of adherence to the 
vein wall should be looked for and specifically sampled to 
evaluate for possible invasion of the vein wall (Figs. 2-153 
and 2-154). The renal vein margin should also be submitted 
(Fig. 2-155). 

The initial section may be taken from the hilar aspect 
or from the lateral aspect of the specimen. From the hilar 
aspect the section can be placed just anterior to the renal 
pelvis or can be made using probes in either the collect- 
ing system or the venous system as a guide. When begin- 
ning laterally, the incision is generally started at roughly the 
middle of the kidney and angled to exit through the renal 
hilum slightly off center. In either case additional parallel 
sections are made to more completely assess the hilar struc- 
tures and the relationship of the tumor to the renal sinus. 
The sectioning can be adjusted based on the gross evalua- 
tion of the specimen. 

The perinephric fat lies between the renal capsule and 
Gerota fascia. Documentation of invasion of the perirenal 
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Figure 2-154 E Renal vein is invaded at the margin, so the 
margin is compromised. 


fat is one feature that places a tumor in the pT3a category 
and has significant prognostic implications. Many renal cell 
carcinomas grossly distort the external surface of the kidney 
and bulge into the perinephric fat (Fig. 2-146). This does 
not make the tumor pT3a, which requires histologic docu- 
mentation of tumor invading beyond the kidney and into the 
perirenal tissue. Evaluation for possible sites of perirenal fat 
invasion is best done by making multiple perpendicular cuts 
of the interface between the tumor and the perinephric fat. 
Careful examination for small nodules of tumor in the peri- 
nephric fat or areas of adhesion or fibrosis along the interface 
will direct the sampling. If tumor is grossly apparent in the fat, 
a single section for documentation is sufficient. In the absence 
of obvious invasion, areas suspicious for invasion should have 
more sections submitted. If there is no gross evidence of inva- 
sion, a single section of the interface is sufficient. 

The initial section will usually clarify the position and 
extent of the tumor in relation to the surface of the kidney. If 


Figure 2-155 W This section of renal vein shows carcinoma 
at the margin. 


desired, the fat can then be stripped off the surface of kidney 
except where it is overlying the tumor, and around to the 
renal sinus leaving the renal capsule intact. This approach 
results in an easier specimen to handle and allows for more 
accurate determination of the kidney dimensions and the 
weight of the kidney. 

The careful examination of the renal hilar area is also crit- 
ical to accurate staging of renal cell carcinoma. The studies 
of the renal sinus by Bonsib!**:'" have clearly demonstrated 
the high frequency of renal sinus invasion, particularly in 
tumors larger than 7 cm. For cases with obvious invasion of 
the renal sinus, a single section for confirmation is sufficient. 
For those tumors that encroach on the renal sinus, even with 
a pushing border, it is recommended that a minimum of three 
sections of the interface between the tumor and the renal 
sinus be submitted (Fig. 2-156A and B). For clear cell renal 
cell carcinomas larger than 7 cm, submission of additional 


the specimen in A, thorough sampling found no invasion of renal sinus soft tissue in this specimen. 
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blocks should be considered if the initial sections do not 
show renal sinus invasion. For tumors that do not encroach 
on the sinus, a single section of the renal sinus should be 
submitted. 

The tumor should be cut at 3 to 5 mm intervals, either 
in sections parallel to the initial incision or at right angles 
to the longitudinal cut that bisects the kidney; areas of 
the tumor that show differing gross appearances should 
be identified for histologic examination. The interface 
between the tumor and the kidney should also be exam- 
ined and at least one sample taken for histology. For small 
(<4 cm) tumors, a minimum of three sections of tumor 
should be submitted. The necessary sections of tumor with 
perirenal fat, tumor with renal sinus, and tumor with nor- 
mal parenchyma will largely meet this number, but in most 
cases at least one or two further sections will be needed to 
include varying gross appearances. Any fleshy, gray-white 
areas must be sampled as this often indicates a sarcoma- 
toid component (Fig. 2-19). For tumors 4 cm or larger, the 
tumor sampling should include at least one section per 
centimeter. 

For situations with multiple tumors, the greatest dimen- 
sion should be recorded for those smaller than the main 
tumor mass; if there are innumerable tumors, this can be 
presented as a range of sizes. Although many would sug- 
gest sampling all discrete tumors, for cases with numerous 
lesions this may be impractical. In those situations at least 
the five largest lesions should be evaluated histologically. 

Finally, the entire kidney is cut at 5 mm intervals at right 
angles to the sagittal bisecting cut and any abnormal tissue is 
sampled. Sections of apparently normal renal tissue should 
also be taken including adjacent to the tumor and at least one 
section remote from the tumor. 1041095 

Lymph nodes can be identified in some radical nephrec- 
tomy specimens. There are few published data on the fre- 
quency of finding lymph nodes but most estimate it to be 
in 10% to 20% of specimens. These are almost invariably 
found in the hilar area, so this region should be carefully 
dissected for possible lymph nodes. It is not necessary to 
dissect all of the perirenal adipose tissue for lymph nodes 
as for practical purposes lymph nodes are not present in this 
tissue. 

The adrenal gland should be identified and sectioned at 
3-mm intervals. Any nodules identified should be sampled. 
If there is gross evidence of tumor involving the adrenal 
gland, then the stage assignment is dependent on whether it 
is direct invasion of the gland (pT4) or a metastasis from the 
tumor (pM1). This is best determined by the gross examina- 
tion, and sections should be selected to document the gross 
impression. 


Partial Nephrectomy 


The overall dimensions of the specimen should be recorded. 
Partial nephrectomy specimens may include overlying 
fat (Fig. 2-157) or may include only a small thin rim of 
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Figure 2-157 W Perirenal fat is adherent to the capsule in this 
partial nephrectomy specimen. 


renal parenchyma (Fig. 2-158). Examination of the surgi- 
cal margin for involvement by tumor is important for par- 
tial nephrectomy specimens. All surgical margins should 
be inked and following sectioning, the distance from the 
tumor to the margin recorded. A generous number of sec- 
tions should be taken perpendicular to the inked margin, 
especially for margins closest to the tumor. Similarly, the 
cortical surface should be examined in detail for evidence 
of infiltration of perirenal fat. The proximity of tumor to 
the surgical margin does not appear to influence outcome, 
as long as there is no tumor directly at the site of surgical 


Figure 2-158 E The tumor in this partial nephrectomy speci- 
men is covered only by the renal capsule. 
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resection.'°” There is also considerable literature that indi- 
cates that the presence of a positive surgical margin is 
associated with a low risk of tumor recurrence, and so in 
most instances, the urologist will not go back and perform a 
radical nephrectomy but rather will follow the patient with 
imaging studies.!°?!” 


Renal Biopsy 


The European Association of Urology considers needle 
biopsy to always be indicated (1) before ablative therapy, 
(2) before systemic therapy if no prior histologic diagno- 
sis is available, and (3) when a surveillance strategy is 
considered.!°* Contemporary series have reported that 
needle core biopsies are adequate for definitive diagnosis 
in 78% to 91% of cases.!!!°! Needle biopsy allows for 
the diagnosis of benign masses that may not require resec- 
tion or ablation including angiomyolipoma, metanephric 
adenoma, benign cysts, and oncocytoma. Rendering a 
definitive diagnosis of oncocytoma on needle biopsy is 
controversial, but pathologists in institutions where con- 
siderable experience has been gained in these specimens 
have been willing to commit to the diagnosis.'!°° In cases 
of renal cell carcinoma, the tumor is correctly classified in 
a high percentage of cases. Accuracy evaluated by compar- 
ing biopsy and resection specimens has been very high with 
reported results up to 100%. Nonetheless, the interpretation 
of thin needle biopsies of renal masses can be challenging. 
Immunohistochemical studies are helpful and in our hands 
are utilized more often to aid in diagnosis and classification 
in biopsies than in resections." 

These specimens may contain relatively little tumor, 
and proper classification more often requires immunohis- 
tochemistry than when the whole tumor is available for 
examination. When multiple cores are obtained, it can be 
helpful to embed these in more than one block to increase 
the ability to utilize multiple immunohistochemical stains 
if required. 


Morcellated Kidneys 


Laparoscopic radical nephrectomy with specimen morcel- 
lation is a novel surgical approach that is used for tumors 
in selected patients. Following morcellation, the kidney is 
received in numerous fragments, with at least one dimen- 
sion being <10 to 12 mm in length. It has been estimated 
that for initial sampling of morcellated kidneys, 5% of the 
total specimens should be sampled.''® It has also been 
shown that for diagnostic purposes, further sampling may be 
required in up to 25% of cases. While histologic diagnosis 
of the tumor is possible for morcellated nephrectomy speci- 
mens, it is not usually possible to assign a pT staging cat- 
egory.!°6®1103:1104 There may also be difficulties in identifying 
resection margins, although marking of the specimen with 
methylene blue or India ink prior to piecemeal extraction has 
been suggested.!!°° 


cava. 


Vena CavaThrombus Specimens 


In patients with tumor extension into the vena cava the tumor 
thrombus is often removed at the time of nephrectomy and 
is submitted as a separate specimen. Involvement of the 
vena cava below the diaphragm is staged as pT3b unless 
the tumor “invades the wall,’ which would result in stag- 
ing it as pT3c.!% For this reason, sections of these thrombi 
need to be submitted to look for evidence that the thrombus 
was invading the caval wall rather than being “free-floating” 
within the lumen (Fig. 2-159). 


Specimen Reporting 


Detailed guidelines for the reporting of the gross and 
microscopic features of kidneys removed for renal cell 
carcinoma have been published periodically.?!°° These 
recommendations are frequently in narrative form; how- 
ever, there is now an impetus for reporting in a synoptic 
format. An appropriate template for this has been pub- 
lished by both the College of American Pathologists and 
the Royal College of Pathologists of Australasia.’ The 
salient features that should be reported for needle biopsies 
and for radical and partial nephrectomy specimens using 
the guidelines of the College of American Pathologists are 
shown in Table 2-22. 

The importance of careful examination of nonneoplas- 
tic renal tissue for host-related and incidental findings has 
recently been emphasized.!!° In these kidneys, vascular dis- 
ease is the most common abnormality followed by diabetic 
nephropathy (Fig. 2-160).''°7!'°8 Importantly, the identifi- 
cation of unsuspected conditions may influence the subse- 
quent clinical course and influence treatment. In one report 
of 110 patients undergoing radical nephrectomy”! or partial 
nephrectomy,” follow-up demonstrated significantly higher 
serum creatinine levels 6 months after surgery in patients 
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Table 2-22 m COLLEGE OF AMERICAN PATHOLOGISTS RECOMMENDED CANCER CASE SUMMARY 


(2012) 


Procedure 


Histologic Grade (Fuhrman nuclear grade) 


Partial nephrectomy 
Radical nephrectomy 
Other (specify) 
______ Not specified 


Specimen Laterality 


—— Right 
Left 
—— Not specified 


+Tumor site (select all that apply) 


+ Upper pole 

+—— Middle 

+ Lower pole 

+—— Other (specify) 

+_____ Not specified 

Tumor size (largest tumor if multiple) 
Greatest dimension: cm 
+Additional dimensions: x cm 


Cannot be determined (see Comment) 


Tumor Focality 
______ Unifocal 
Multifocal 


Macroscopic Extent of Tumor (select all that apply) 


_——__ Tumor limited to kidney 
—— Tumor extension into perinephric tissues 
—— Tumor extension into renal sinus 
______ Tumor extension beyond Gerota fascia 
_—____ Tumor extension into major veins 
______ Tumor extension into pelvicalyceal system 
______ Tumor extension into adrenal gland 
—— Direct invasion (T4) 
____ Noncontiguous (M1) 


Histologic type 


______ Clear cell renal cell carcinoma 

____ Multilocular cystic clear cell renal cell carcinoma 
Papillary renal cell carcinoma 

_—____ Chromophobe renal cell carcinoma 
Carcinoma of the collecting ducts of Bellini 
Renal medullary carcinoma 

Translocation carcinoma (Xp11 or others) 
Carcinoma associated with neuroblastoma 
_____. Mucinous tubular and spindle cell carcinoma 
Tubulocystic carcinoma 

Renal cell carcinoma, unclassified 

_____ Other (specify) 


Sarcomatoid Features 


Not identified 
Present 
Specify percentage 


% 


+Tumor Necrosis (any amount) 


Not identified 
Present 


— Not applicable 
—— GX: cannot be determined 
= Gi 
= Z 
G3 
= GA 
Other (specify): 


Microscopic Tumor Extension (select all that apply) 


Tumor limited to kidney 

Tumor extension into perinephric tissues 
Tumor extension into renal sinus 

Tumor extension beyond Gerota fascia 


—— Tumor extension into major veins (renal vein or its 
segmental [muscle containing] branches 


Tumor extension into pelvicalyceal system 
Tumor extension into adrenal gland 

______ Direct invasion (T4) 

Noncontiguous (M1) 

Tumor extension into other organ(s)/structures(s) 
(specify): 


Margins (select all that apply) 
Cannot be assessed 
Margins uninvolved by invasive carcinoma 
_____ Margin(s) involved by invasive carcinoma 
Renal parenchymal margin (partial nephrectomy 
only) 
Renal capsular margin (partial nephrectomy only) 
—— Perinephric fat margin 
Gerota fascial margin 
Renal vein margin 
______ Ureteral margin 
_____ Other (specify): 


+Lymphvascular Invasion 


+ Not identified 
+ Present 
+ Indeterminate 


Pathologic Staging (TNM) 


Pathologic Findings in Nonneoplastic Kidney (select all 
that apply) 

Insufficient tissue (partial nephrectomy with <5 mm 
of adjacent nonneoplastic kidney) 

______ Significant pathologic alterations 

None identified 

_____ Glomerular disease (specify 

type): 

Tubulointerstitial disease (specify 

type): 

Vascular disease (specify type): 

Other (specify): 


+Other Tumors and/or Tumor-like Conditions (select all 
that apply) 


+ Cyst(s) (specify type): 
+ Tubular (papillary) adenoma(s): 
+ Other (specify): 


Reproduced from Srigley JR, Amin MB, Chang A, et al. Protocol for the examination of specimens from patients with invasive carcinoma of renal 
tubular origin. In: Washington K, ed. Reporting on Cancer Specimens. Case Summaries and Background Documentation. Northfield, IL: College of 


American Pathologists; 2012, with permission. 
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with vascular scarring or diabetic glomerulosclerosis (mod- 
erate and nodular).!!" 
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Pathology of the Adrenal Gland 


SHAMLAL MANGRAY and RONALD A. DeLELLIS 


Although considerably less common than diseases of the 
kidney, urinary bladder, and prostate, disorders of the adre- 
nal glands form a significant proportion of the material sub- 
mitted for pathologic examination to surgical pathologists. 
Adrenal diseases may be nonfunctional or may be associated 
with a complex array of clinical syndromes resulting from 
abnormalities in the production and secretion of steroid hor- 
mones or catecholamines. As with other endocrine diseases, 
the same clinical syndromes can develop as a consequence 
of diverse pathophysiologic mechanisms. It is essential, 
therefore, that the pathologist is familiar with basic patho- 
physiologic concepts of adrenal disorders and with appropri- 
ate ancillary techniques that aid in the differential diagnosis 
of specific disorders. 

The role of the surgical pathologist and cytopathologist 
has been further complicated by the detection of a variety 
of mass lesions by ultrasonography, computed tomography 
(CT), magnetic resonance imaging (MRI), or positron emis- 
sion tomography (PET) in the workup of patients for rea- 
sons other than expected adrenal pathology. The presence of 
incidental lesions of varying sizes (incidentalomas) has been 
demonstrated in up to 5% of individuals subjected to abdom- 
inal CT studies.! By far the majority are of cortical origin 
and a subset of these lesions are subjected to needle core 
biopsy or fine needle aspiration biopsy, which frequently 
pose considerable diagnostic challenges. 

The purpose of this chapter is to provide an overview 
of the pathology of the adrenal glands, including the use 
of immunohistochemical and molecular approaches for the 
differential diagnosis and prognostic assessment of a wide 
range of neoplastic and nonneoplastic lesions. 


EMBRYOLOGY OF THE ADRENAL GLANDS 


The adrenal cortex is first recognizable at 5 to 6 weeks of ges- 
tation (9-mm embryo stage) as a proliferation of cells from 
the peritoneum at the base of the dorsal mesentery close to the 
cranial aspect of the mesonephros.? By 8 weeks, the cortical 


cells separate from the mesothelium and are enveloped by a 
fibrous capsule. By the second trimester, the cortex includes 
a broad inner zone composed of large eosinophilic cells 
referred to as the provisional zone or fetal cortex and an outer 
zone that is destined to become the adult cortex (Fig. 3-1). 
Dehydroepiandrosterone sulfate is the major steroid product 
of the fetal cortex, while cortisol, aldosterone, and sex steroids 
are the main products of the adult cortex. Relative to total 
body weight, the weight of the adrenals is maximal at the 4th 
week of development. At birth, the fetal cortex occupies about 
75% of the cortical volume, but shortly thereafter it begins 
to undergo involution, which is associated with an approxi- 
mate 50% reduction in glandular weight.’ At birth, the adrenal 
glands together weigh close to 10 g (Table 3-1). Further invo- 
lution of the fetal cortex and proliferation of the permanent 
cortex toward the center of the gland occur simultaneously. As 
aresult the fetal cortex accounts for approximately 20% of the 
cortical volume by the 12th postgestational week. 

The neural crest—derived intra-adrenal (adrenal medulla) 
and extra-adrenal paraganglia and the sympathetic nervous 
system are intimately associated during embryonic develop- 
ment. In the 14-mm embryo, the cortical anlage is invaded 
on its medial aspect by primitive sympathetic cells and 
nerve fibers that originate from the contiguous prevertebral 
and paravertebral sympathetic tissue. Some primitive sym- 
pathetic cells, however, may penetrate the anlage without 
associated nerve fibers.*° They are first apparent as nodu- 
lar aggregates in the cortex (Fig. 3-2), where they may form 
rosettes or pseudorosettes. Mature medullary (chromaffin) 
cells are identifiable among the primitive sympathetic cells 
between the 27- and 33-mm stages and gradually increase 
in number. Nodules of primitive sympathetic cells peak in 
number and size between 17 and 20 weeks and then decline. 
Groups of these cells may, however, persist until birth and 
may also be apparent in early infancy (see “Neuroblastoma’”’). 
As the medullary chromaffin cells reach their maximum vol- 
ume, there is a progressive involution of extra-adrenal chro- 
maffin cells. However, the formation of the adrenal medulla 
is not completed until the 3rd year of life. 
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Figure 3-1 E Adrenal cortex of a 16-week fetus demonstrat- 
ing the broad inner zone of eosinophilic cells (provisional zone or 
fetal cortex) and the thin outer zone that will form the adult cortex. 


NORMAL ANATOMY AND PHYSIOLOGY OF THE 
ADRENAL CORTEX AND MEDULLA 


The adrenal glands are present on the superior surfaces 
of the kidneys. There is considerable variation in reported 
adrenal weights in different published series (Table 3-1). In 
adults who have died suddenly, the average adrenal weight is 
between 4 and 5 g and measures 5 x 3 x | cm in the normal 
adult. However, greater weights occur in hospitalized patients 
dying after prolonged illnesses, presumably as a result of 


Table 3-1 m AVERAGE COMBINED WEIGHTS 


OF ADRENAL GLAND FROM SERIES OF 
AUTOPSY PATIENTS* 


Combined Weight 


Age Mean (grams) Range (grams) 
Fetal (Wk) 
30-33 28 1.6-3.2 
33-38 4.4 3.1-5.8 
38-41 6.2 2.0-10.5 
Infants and Toddlers (Wk) 
0-1 6.3 3.8-8.8 
1-3 4.4 3.1-5.8 
3-9 24 1.8-3.0 
9-14 2D) 1.2-2.6 
14-32 Des 1.6-3.2 
32-78 215 1.6-4.0 
Children and Adults (Y) 
1.5-4 4.0 0-8.0 
4-8 4.1 2.3-5.8 
8-14 6.2 3.5-9.0 
14-18 8.8 6.0-11.2 
18-25 8.0 5.6-9.8 
25-35 9.0 6.2-11.4 


* Derived from Figure 9-1 in Lack EE. AFIP Atlas of Tumor Pathology 
(series 4) Tumors of the Adenal Gland and Extraadrenal Paraganglia. 


ES te Bf 
Figure 3-2 E Groups of primitive sympathetic cells forming 
neuroblastic nodules within the fetal cortex in the adrenal gland of 
a 16-week fetus (same specimen as Fig. 3-1). 


prolonged stimulation of the glands by adrenocorticotropin 
during stress.*’ The right gland has a pyramidal shape, while 
the left gland has a crescentic shape. Each gland has a tri- 
partite structure consisting of head (medial), body (middle), 
and tail (lateral) portions.’ The central vein emerges from 
the gland at the junction of the head and body of the gland. 
Within the gland itself, the muscle bundles of the central 
vein are eccentric and are oriented toward the medulla. 

In the fresh state, the outer cortex is bright yellow, while 
the inner cortical zone is brown to tan. The cortex measures 
approximately 1 mm in thickness in adults and constitutes 
approximately 90% of the total glandular weight. Cortical 
extrusions, which are characterized by the presence of nodu- 
lar groups of cortical cells that extend into the periadrenal 
fat, are common. They are attached to the adjacent cortex 
by a small pedicle and are surrounded by a fibrous capsule; 
however, they may be completely separated from the gland 
in some instances. 

The zones of the cortex include glomerulosa, fascicu- 
lata, and reticularis®!° (Fig. 3-3). The glomerulosa, which 
is composed of relatively small lipid-poor cells that synthe- 
size mineralocorticoids, accounts for 15% of the cortical 
volume. The glomerulosa layer is often incomplete so the 
fasciculata may abut the capsule of the gland directly. The 
fasciculata, on the other hand, is composed of columns of 
lipid-rich cells, which synthesize both glucocorticoids and 
sex steroids and occupy 70% to 80% of the cortical volume. 
Stimulation of the adrenal by adrenocorticotropic hormone 
(ACTH) during times of stress leads to depletion of lipid 
stores from the fasciculata.° As a result, the cells of this 
layer become compact and eosinophilic.'' In some patients, 
the solid cords of the outer cortex are replaced by tubular 
structures lined by lipid-depleted cells. Proteinaceous mate- 
rial and degenerated cells may also be present within the 
tubular structures. In some patients dying from infections, 
chronic renal failure, and overexposure to cold, cells within 
the zona fasciculata may have intracytoplasmic vacuoles."! 
The lipid content becomes replenished (lipid reversion) 
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Figure 3-3 E Histology of the normal adrenal gland. The three cor- 
tical zones (ZG, zona glomerulosa; ZF, zona fasciculata; ZR, zona 
reticularis), and medulla (MED) are demonstrated. There is slight 
nodularity of the cortex as occurs in normal adults. Also demonstrated 
is the eccentric smooth muscle wall of the central vein (arrow). 


during the process of recovery. The remainder of the cor- 
tex is composed of the reticularis, which is capable of syn- 
thesis of both glucocorticoids and sex steroids. The cells 
of the reticularis have eosinophilic cytoplasm, scanty lipid 
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Corticosterone 
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18-hydroxycorticosterone 
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vacuoles, and prominent deposits of lipochrome pigment, 
which are responsible for the brown color of the reticularis. 
Ultrastructurally, the cells of the glomerulosa contain lamel- 
liform mitochondria while tubulovesicular mitochondria 
predominate in the fasciculata and reticularis. The inter- 
mediate filaments of cortical cells include vimentin and 
variable amounts of low-molecular-weight cytokeratins.” 
Cortical cells are also positive for calretinin, inhibin A, 
melan-A, and synaptophysin.'*'¢ 

Focal aggregates of lymphocytes are an incidental find- 
ing in the adrenal cortices of normal adults, and increase in 
frequency with the age of the patient.'’ Most of the lympho- 
cytes are of T lineage.'® 

Cholesterol, which is derived from circulating low- 
density lipoproteins, is the precursor of all steroid hormones. 
Following internalization into the cortical cells, the lipopro- 
teins are hydrolyzed with the production of cholesterol esters, 
which yield cholesterol and free fatty acids.'°”° There are four 
cytochrome P-450 enzymes that are involved in the biosynthe- 
sis of adrenal steroids (P-450__., P-450_,,, P-450.,,, P-450.,,). 
The enzyme 3f-hydroxysteroid dehydrogenase does not 
belong to the P-450 cytochrome family (Fig. 3-4). The syn- 
thesis and secretion of glucocorticoids, 18-hydroxysteroids, 
and androgens are regulated by a complex set of control 
mechanisms. Hypothalamic corticotropin-releasing hormone 


Dehydroepiandrosterone 


3B HSD 
P-450c21 
P-450c11 


Figure 3-4 WE Biosynthesis of adrenal steroid hormones. 18-AS, 18-aldehyde synthetase; 3B HSD, 3-f hydroxysteroid dehydrogenase; 


18 HD, 18 hydroxylase. 
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Figure 3-5 E Catecholamine biosynthesis and metabolism. COMT, catecholamine-O-methy] transferase; DOPA, 3,4-dihydroxyphenylalanine; 


MAO/AldDehy, monoamine oxidase and aldehyde dehydrogenase. 


(CRH), a 41-amino-acid polypeptide, reaches the anterior 
pituitary gland via the hypophyseal portal system, where it 
stimulates the release of ACTH.” 

In the adrenal cortex, ACTH stimulates cortical cells by 
activation of intracytoplasmic cyclases that form cyclic ade- 
nosine monophosphate and guanosine monophosphate from 
adenosine triphosphate (ATP) and guanosine triphosphate, 
respectively. The control of cortisol synthesis is mediated by 
a complex series of positive and negative feedback loops. 
Both cortisol and ACTH inhibit the release of CRH, and 
cortisol also inhibits secretion of ACTH. The secretion of 
ACTH is normally episodic, with the number and duration 
of episodes increasing to a peak in the early morning and a 
nadir in the evening, resulting in the characteristic circadian 
rhythm of cortisol secretion.” The secretion of aldosterone 
is regulated primarily by the renin—angiotensin system.” 

The adrenal medulla occupies 8% to 10% of each gland 
volume in adults and has an average weight of 0.4 g.’ The 
major portion of the medulla lies within the head of the gland, 
while the body of the gland contains medullary (chromaffin) 
cells within its crest and usually within one alar region.* The 
average corticomedullary ratio is 5:1 in the head of the gland 
and 14.7:1 in the body. The tail of the adrenal does not nor- 
mally contain medullary tissue. 

Medullary (chromaffin) cells are arranged in small nests 
and cords that are separated by a rich capillary network. A few 
medullary cells, particularly those found in the juxtacortical 
regions, may have enlarged and hyperchromatic nuclei, which 
increase in number with age” in addition to periodic acid- 
Schiff (PAS) positive hyaline globules.” At the ultrastructural 
level, the most characteristic feature of medullary cells is the 


presence of membrane-bound secretory granules in which 
catecholamines and other products are stored.” A few gan- 
glion cells are present within the medulla either as single cells 
or as small-cell clusters. S-100 protein—positive sustentacular 
cells are present at the peripheries of the medullary cords and 
nests and are also evident around the ganglion cells. There 
may also be small collections of lymphocytes and plasma 
cells within the medulla, but their significance is unknown. 

The precursor of the catecholamines is tyrosine, which 
is converted sequentially to 3, 4-dihydroxyphenylalanine 
(DOPA), dopamine, norepinephrine, and epinephrine by a 
series of well-characterized enzymatic steps (Fig. 3-5).*” The 
major catecholamine product of the medulla is epinephrine, 
which affects the activities of a wide variety of cells and tis- 
sues following its interactions with specific receptors. 

The catecholamine content of chromaffin cells has been 
demonstrated traditionally by a variety of histochemical 
techniques including the chromaffin reaction.***' In current 
surgical pathology practice, immunohistochemical stains for 
chromogranins, chromomembrins, synaptophysin, and regula- 
tory peptides are most commonly utilized for this purpose.*? 


NONNEOPLASTIC DISORDERS OF THE ADRENAL 
GLAND | 


Developmental Disorders 


Accessory adrenal tissue (heterotopia) is the most common 
congenital anomaly of the adrenal gland.” Most accessory 
adrenal tissue consists exclusively of cortical tissue, but a 
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few examples, particularly those in the region of the celiac 
ganglion, may also contain medullary tissue.” Based on 
autopsy studies accessory adrenal tissue is most frequently 
found in the retroperitoneal space (32%) along the celiac 
axis, the upper pole of the kidney just beneath the renal cap- 
sule (0.1% to 6%), the broad ligament (23%), adnexa of the 
testes (7.5%), and along the course of the spermatic cord 
(3.8% to 9.3%).'' Less common sites include the pancreas, 
spleen, liver, lung placenta, and brain. In surgical pathology 
series, the most commonly encountered site is in inguinal 
hernia sacs. One percent of hernia sacs have been reported 
to contain accessory adrenal tissue.’ Accessory adrenals 
may undergo hyperplasia in response to increased levels of 
ACTH and may serve as the site of origin of cortical neo- 
plasms.”?°° True heterotopic adrenal glands may be fused 
with the liver or kidney and are typically surrounded by a 
common connective tissue capsule.*!” In such cases, a con- 
cern for a metastatic renal cell carcinoma (RCC) or other 
clear-cell tumors may arise. 

Adrenal union (fusion) and adhesion are rare anomalies 
that are distinguished by the presence (adrenal union) or 
absence (adhesion) of a connective tissue capsule. Fusion 
is occasionally associated with midline congenital defects, 
including spinal dysraphism, indeterminate visceral situs, 
and the Cornelia de Lange syndrome. Fusion of the 
adrenal glands can occur in patients with bilateral renal 
agenesis.” 

Aplasia of the adrenal glands has been reported in asso- 
ciation with anencephaly, but in most instances, the glands 
are markedly hypoplastic rather than completely absent.“ In 
approximately 10% of patients with unilateral renal agen- 
esis, the ipsilateral adrenal gland is also absent. There are 
four main types of congenital adrenal hypoplasia (OMIM 
#300200): sporadic with hypopituitarism, autosomal reces- 
sive, X-linked cytomegalic type with hypogonadotrophic 
hypogonadism, and the form associated with glycerol kinase 
deficiency.***> The majority of patients present early in child- 
hood and most typically in infancy; however, occasional 
individuals with mild forms of these disorders may pres- 
ent as adults. Patients commonly have signs and symptoms 
of adrenal insufficiency, but other clinical manifestations 
include hearing loss, coal black pigmentation of the skin, 
hypogonadism, and precocious puberty.** 

In primary hypoplasia, the adult cortex is markedly hypo- 
plastic, but the fetal zone is retained and often has cytomegalic 
features. This disorder has an X-linked pattern of inheritance 
and has been associated with mutations or deletions of the 
DAX-1 gene (Xp21).°”**47 The miniature adult type of hypo- 
plasia may appear sporadically or as an inherited abnormality 
with an autosomal recessive pattern of inheritance. Despite 
their small size, the adrenals have a normal architecture. 

The differential diagnosis of primary hypoplasia includes 
disorders in which adrenal insufficiency precedes other man- 
ifestations. For example, if hypoadrenalism occurs prior to 
neurologic manifestations, patients with adrenoleukodystro- 
phy will present with clinical symptomology simulating that 
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of primary adrenal hypoplasia. Chronic maternal exogenous 
glucocorticoid administration induces secondary hypoplasia 
of the adrenal glands in the newborn. In such instances the 
adrenal glands are small for age, have decreased fetal zone 
volume, and contain cells with decreased lipid and scattered 
cytomegalic features. 


Adrenal Cytomegaly and Beckwith-Wiedemann 
Syndrome 


Adrenal cytomegaly is characterized by the presence of col- 
lections of markedly enlarged (up to 150 um) eosinophilic 
cortical cells containing hyperchromatic and pleomorphic 
nuclei (Fig. 3-6), with occasional nuclear cytoplasmic pseu- 
doinclusions within the fetal cortex. Cytomegaly may be 
seen in neonates but is more common in premature infants 
(3% to 7%) and is also relatively common in infants with 
Rh incompatibility.” In Beckwith-Wiedemann syndrome, 
cytomegaly usually affects most of the cells of the fetal cor- 
tex and both adrenal glands are typically hyperplastic.!!°7* 
Characteristic features of Beckwith-Wiedemann syndrome 
include macroglossia, prenatal and postnatal overgrowth 
(gigantism/hemihypertrophy), abdominal wall defects 
(exomphalos), and pancreatic islet cell hyperplasia leading 
to hypoglycemia (Table 3-1). 

The adrenal glands in Beckwith-Wiedemann syndrome 
are enlarged and the combined weight of both glands may 
be as high as 16 g. Because of the cortical hyperplasia the 
external aspects of the glands appear cerebriform as a result 
of the presence redundant folds and nodules.'’ Microscopic 
sections demonstrate collections of cells similar to those seen 
in isolated adrenal cytomegaly, but they are present in greater 
numbers. The enlarged cells may raise a concern for an infec- 
tious etiology, such as cytomegalovirus (CMV) infection, but 
the cells lack the characteristic eosinophilic nuclear inclu- 
sions, perinuclear halos, and granular cytoplasmic inclusions. 

Hemorrhagic adrenal cortical macrocysts may also be 
found. Patients with Beckwith-Wiedemann syndrome 


Figure 3-6 E Focal cytomegaly of cells of the fetal cortex 
from a newborn. 
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are predisposed to the development of a variety of malignant 
tumors including Wilms tumor, adrenal cortical carcinoma, 
neuroblastoma (NB), hepatoblastoma, and pancreaticoblas- 
toma. However, the hyperplastic cortical cells in this syn- 
drome do not represent a preneoplastic lesion.**°° Adrenal 
cortical adenomas and ganglioneuromas have also been 
reported in affected patients.” Autosomal dominant inheri- 
tance is well established in Beckwith-Wiedemann syndrome, 
but approximately 85% of cases are actually sporadic. The 
molecular basis of this syndrome is complex and involves 
downregulation of imprinted genes within the chromosome 
11p15 region (Table 3-2). Other syndromes that predispose 
to adrenal tumors are discussed in subsequent sections. 


Metabolic Disorders 
Storage Diseases 


Adrenoleukodystrophy (Addison-Schilder disease; OMIM 
300100) is a rare, X-linked recessive disorder characterized 
by progressive demyelination of the central and peripheral 
nervous system and by adrenal cortical insufficiency.” In 
the classic form, the disorder is characterized by early behav- 
ioral manifestations including inattention, hyperactivity, and 
emotional lability becoming apparent through school diffi- 
culties. Subsequently there are visual symptoms, auditory 
processing difficulties, and motor incoordination. Once the 
neurologic manifestations appear, progression of the illness 


Table 3-2 SYNDROMES ASSOCIATED WITH ADRENAL TUMORS 
Chromosome 
Syndrome Gene Locus Adrenal Tumor Extra-Adrenal Features 
Beckwith-Wiedemann CDKN1/NSD1, KCNQ1, 11p15.5 Cortical carcinoma, Exomphalos, macroglossia, 
(OMIM: 130650) KCNQ10T1 (domain cortical adenoma, pancreatic islet cell 
2); |GF2 and H19 neuroblastoma, hyperplasia, gigantism/ 
(domain 1) ganglioneuroma hemihypertrophy, Wilms 
tumor, hepatoblastoma, 
pancreaticoblastoma 
Li-Fraumeni syndrome PBS Hols Cortical carcinoma Other neoplasms/cancers 
(OMIM:151623) 
Carney complex PRKAR1A 17q23-q24 PPNAD Lentigines and other 
(OMIM:160980) pigmented skin lesions, 
myxomas, LCCST of 
testis, pituitary adenoma. 
MEN 1 (Wermer MEN1 11q13 Cortical adenoma Endocrine lesions of 
syndrome) parathyroid, pituitary, 
(OMIM:131100) pancreas, GI tract 
lesions, skin lesions 
MEN 2A (Sipple RET (exon 10, 11) 10q11.2 Pheochromocytoma MITC, primary 
syndrome) hyperparathyroidism 
(OMIM:171400) (hyperplasia) 
MEN 2B RET (exon 16) 10q11.2 Pheochromocytoma MTC, mucosal neuromas, 
(OMIM:162300) ganglioneuromatosis 
of intestine, marfanoid 
habitus, corneal nerve 
lesions 
von Hippel- VHL 3p26-p35 Pheochromocytoma Retinal and cranial 
Lindau disease hemangioblastoma, RCC, 
(OMIM:193300) cysts of multiple, organs, 
pancreatic endocrine 
tumors, ELST of ear 
Familial SDHD, SDHC, SDHB 1p36.1-p35 Pheochromocytoma Paraganglioma of 
pheochromocytoma- abdomen, thorax, head, 
paraganglioma and neck 
(OMIM:115310) 
Neurofibromatosis NF1 17q11.2 Pheochromocytoma Café au lait macules, 
type 1 neurofibromas or 
(OMIM:162200) plexiform neurofibroma, 


optic glioma, axillary 

or inguinal freckling, 
Lisch nodules, osseous 
lesions 


ELST, endolymphatic sac tumor; Gl, gastrointestinal; LCCST, large cell calcifying Sertoli cell tumor; MEN, multiple endocrine neoplasia; MTC, 
medullary thyroid carcinoma; PPNAD, primary pigmented nodular adrenocortical disease. 
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is tragically rapid and the child is often in a vegetative state 
within 1 to 2 years. According to Moser et al.” there are 
seven phenotypes that include the childhood cerebral form, 
adrenomyeloneuropathy, adult cerebral, adolescent, adrenal 
insufficiency without neurologic disease, asymptomatic, and 
heterozygotes. Clinical manifestations can, therefore, vary 
widely even within the same family. 

The disorder is caused by mutations of the gene on 
chromosome Xq28 encoding an ATP-binding transporter 
ALDP—adrenoleukodystrophy protein that is localized 
in the peroxisomal membrane. The mutations result in the 
defective oxidation of very long fatty acids™ and the diag- 
nosis can be established by the presence of hexacosanoate 
and other long-chain fatty acids in cultured skin fibroblasts.» 

The adrenal glands in this disorder are grossly atrophic 
with weights ranging from 1 to 2 g or less, with ballooning 
and striation of the cells of the inner zona fasciculata and zona 
reticularis. Groups of ballooned cells form nodules that may 
undergo degenerative changes with the formation of large cor- 
tical vacuoles. The medulla is usually normal. Ultrastructurally, 
there is proliferation of smooth endoplasmic reticulum and the 
presence of lamellar inclusions with a trilaminar structure.*! 
An adult variant with an onset in the second or third decades 
is known as adrenomyeloneuropathy, a condition that can 
be associated with unexplained adrenal insufficiency in the 
absence of neurologic manifestations at first clinical presen- 
tation.” Cortical cells typically appear ballooned and contain 
linear lamellar inclusions.**°° A third form of the disease has 
been reported in women who are carriers of the abnormal gene. 

The presence of primary adrenal insufficiency and atro- 
phic adrenal glands may raise the possibility of autoimmune 
adrenalitis. However, in autoimmune adrenalitis the adrenal 
glands have a chronic inflammatory infiltrate (see section on 
“Primary Hypofunction’”) and the degenerative changes in the 
cortical cells described above are lacking. Additionally, corre- 
lation with the clinical presentation and autoimmune serology 
will assist in making the distinction. 

Wolman disease (primary familial xanthomatosis) is a rare 
lipid storage disorder caused by an autosomal recessive defi- 
ciency of lysosomal acid lipase.*’ The disease is characterized 
by the accumulation of triglycerides and cholesterol esters in a 
variety of tissues including the liver, spleen, and adrenal glands. 
Most of the affected individuals die by the age of 6 months. 
Typically, the adrenal glands are markedly enlarged even though 
they often retain their normal configurations. The glands often 
demonstrate multiple foci of calcification in association with 
necrosis and fibrosis, and vacuolated zona reticularis cells.” 
Other storage diseases (e.g., Niemann-Pick disease) may also 
result in adrenal enlargement and hypofunction. 


Congenital Adrenal Hyperplasia (Congenital 
Adrenogenital Syndrome) 


Congenital adrenal hyperplasia encompasses a spec- 
trum of abnormalities that result from autosomal reces- 
sive enzymatic defects in adrenal steroid biosynthesis.** 
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This group of disorders is caused by deficient activity of 
one of the following enzymes: 21-hydroxylase (P-450.,.), 
11B-hydroxylase (P-450.,,), 3B-hydroxysteroid dehydro- 
genase, 17-hydroxylase/17,20-lyase (P-450.,,), and 20,22 
desmolase (P-450_„). Approximately 95% of cases of con- 
genital adrenal hyperplasia are due to 21-hydroxylase defi- 
ciency (OMIM +201910) in which there are four clinically 
recognized forms: salt wasting (approximately 65%), simple 
virilizing (approximately 30%), nonclassic (also referred 
to as attenuated or acquired), and cryptic.” The worldwide 
incidence of classic 21-hydroxylase deficiency is 1 in 14,500 
births, with a heterozygote frequency of approximately 1 in 
60. Affected children have evidence of glucocorticoid defi- 
ciency, aldosterone deficiency with salt wasting, and excess 
adrenal androgen production resulting in virilization. Excess 
adrenal androgen production is a consequence of the accu- 
mulation of 17-hydroxypregnenolone, which is subsequently 
metabolized to androgenic steroids. Nonclassic (cryptic) 
21-hydroxylase deficiency has a frequency of 1 in 100 in 
certain parts of the United States and is one of the most com- 
mon autosomal recessive disorders. Affected individuals 
have mild degrees of cortisol deficiency, normal aldosterone 
production, and excess production of adrenal androgens. 
This form of 21-hydroxylase deficiency is most often diag- 
nosed in childhood or early adulthood. A small proportion 
of individuals with 21-hydroxylase deficiency may have no 
apparent symptoms. 

Masculinization of females in utero usually occurs while 
males generally appear normal at birth. Postnatally, untreated 
males as well as females may manifest rapid growth, penile 
or clitoral enlargement, precocious adrenarche, and early 
epiphyseal closure with resultant short stature. A mild form 
of late-onset adrenal hyperplasia due to 21-hydroxylase defi- 
ciency can occur in adults and is characterized by hirsutism 
as the only manifestation in the most attenuated form. The 
detailed biochemical, genetic, and molecular features of 
these disorders are discussed elsewhere.“ Prenatal screen- 
ing of amniotic fluid and neonatal screening by blood spot 
for elevated upstream hormones is available. Confirmation 
by testing for mutation of the underling CYP2/ gene is then 
performed.” 

Deficiency of 11B-hydroxylase (P-450_,,; OMIM #202010) 
accounts for approximately 5% of all cases of congenital 
adrenal hyperplasia and is associated with increased produc- 
tion of androgens and deoxycorticosterone.©” As a result, 
affected patients typically exhibit signs of hyperandrogen- 
ism and hypertension. Deficiency of 17a-hydroxylase 
(OMIM #202110) is responsible for approximately 1% of 
cases. External genitalia are female in both sexes. Increased 
levels of deoxycorticosterone are responsible for the hyper- 
tension seen in these patients. In 3B-hydroxysteroid dehy- 
drogenase deficiency (OMIM #201810), there is deficiency 
of all steroid hormones including androstenedione. As a 
result virilization is less developed, but salt loss is a promi- 
nent feature. The adrenal glands are similar to those of the 
normal fetus.® 
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Adrenal hyperplasia in the congenital adrenogenital syn- 
dromes result from inadequate production of glucocorticoids, 
leading to stimulation of the cortex by increased pituitary 
ACTH production. The adrenal glands become markedly 
enlarged (up to 15 g) with a characteristic cerebriform appear- 
ance and a tan-brown color due to lipid depletion of cortical 
cells. This contrasts with ACTH pituitary—dependent adre- 
nocortical hyperplasia in which there is an outer yellow and 
inner tan-brown appearance as a result of hyperplasia of the 
fasciculata (see Hyperfunctional States). In paraneoplastic 
ACTH-dependent adrenocortical hyperplasia, the adrenal 
glands are usually larger than those seen in congenital adre- 
nal hyperplasia, but they typically appear tan-brown as well 
because of lipid depletion. In patients with 20,22-desmo- 
lase (P-450_,.) deficiency, also referred to congenital lipoid 
hyperplasia, the adrenal glands are pale yellow or white and 
are characterized on microscopic examination by vacuolated 
cells, occasionally with formation of cholesterol clefts and an 
accompanying giant-cell reaction. These disorders are usually 
treated by replacement of the deficient steroid hormone and 
surgical correction of ambiguous genitalia or hypospadias. 

Rarely, adrenal cortical adenomas and carcinomas may 
develop, in the setting of congenital adrenal hyperplasia.“ 
Testicular tumors can also arise in affected patients. The 
testicular lesions are not autonomous neoplasms, since they 
are dependent on the presence of elevated levels of ACTH 
for their maintenance. They are commonly bilateral and 
are most typically located in the hilar regions of the testes. 
The cell of origin is unknown, but the component cells of 
these lesions contain abundant amounts of eosinophilic 
cytoplasm, which lack crystalloids of Reinke. In the series 
reported by Rutgers et al.,° the diagnosis of congenital adre- 
nal hyperplasia was made only after the appearance of tes- 
ticular tumors in 18% of the cases. 


Hypofunctional States 
Primary Hypofunction 


Autoimmune Aadrenalitis 

Autoimmune adrenalitis is responsible for approximately 
75% of cases of the inflammatory conditions affecting 
the adrenal glands in North America and Western Europe, 
followed by infection and a variety of other conditions 
(Box 3-1). In idiopathic (autoimmune) Addison disease 
(chronic adrenocortical insufficiency), the glands are mark- 
edly atrophic and the residual cortical tissue is infiltrated by 
lymphocytes and plasma cells. The presence of a few aggre- 
gates of lymphocytes in the adrenal cortex should not be 
considered evidence of adrenalitis. All layers of the cortex 
are involved in autoimmune adrenalitis, but the medulla is 
unaffected. Typically, the capsules of the glands are fibrotic. 
Both humoral and cell-mediated immune mechanisms have 
been implicated in the development of autoimmune adrenal 
hypofunction. Autoantibodies to cortical cells are present in 
50% of all patients and in more than 70% of women with 
newly diagnosed disease. The major targets for autoantibody 


Box 3-1 HYPOFUNCTION AND 


HYPERFUNCTION OFTHE ADRENAL GLAND 


Primary Adrenal Insufficiency 

Congenital adrenal hypoplasia 

Autoimmune adrenalitis 

Polyglandular autoimmune syndrome 

Infections 
Bacterial 
Fungal 
Viral (CMY, HIV, HSV) 

Drugs 

Radiation 

Metabolic (adrenoleukodystrophy, amyloidosis, Wolman 
disease) 

Neoplastic (metastatic tumor) 

Miscellaneous (Adrenal hemorrhage and necrosis, adrenal 
cysts) 


Secondary and Tertiary Adrenal Insufficiency 
Pituitary or hypothalamic dysfunction 


Primary Hyperfunction (glucocorticoid, mineralocorticoid 
or sex hormone overproduction) 

Primary hyperplasia 

Macronodular hyperplasia 

Primary pigmented adrenocortical disease 

Tumors (adenoma, carcinoma) 


Secondary Hyperfunction 

Cushing disease (pituitary tumor; primarily hypercortisolism) 
Ectopic ACTH syndrome (primarily hypercortisolism) 
Ectopic CRH syndrome (primarily hypercortisolism) 

Renal artery stenosis (hyperaldosteronism) 

Juxtaglomerular cell tumor (hyperaldosteronism) 


reactivity are the adrenal cytochrome P-450 enzymes.‘ 
Affected patients can also have antibodies to gonadal, gastric 
parietal, and thyroid follicular cells. 

Adrenocortical hypofunction may be associated with hypo- 
function of other endocrine glands.® The type I polyglandular 
autoimmune syndrome is associated with mucocutaneous can- 
didiasis, alopecia, hypoparathyroidism, adrenal insufficiency, 
autoimmune thyroiditis, and diabetes mellitus. This form of the 
disease has also been termed autoimmune polyendocrinopa- 
thy—candidiasis—ectodermal dystrophy (APECED). Mutations 
in the APECED or autoimmune regulatory gene (2/g22.3) 
have been implicated in the development of this syndrome.” 
The type II polyglandular autoimmune syndrome is charac- 
terized by adrenal insufficiency, autoimmune thyroiditis, and 
insulin-dependent diabetes mellitus. The type I syndrome is 
inherited as an autosomal recessive trait, while the pattern of 
inheritance of the type II syndrome is usually dominant. 


Infectious Disorders 

Infectious disorders including tuberculosis and fungal dis- 
eases (histoplasmosis, North and South American blasto- 
mycosis, coccidiomycosis, cryptococcosis) can affect both 
the cortical and medullary regions of the adrenal glands. 
Although tuberculosis is now a rare cause of adrenal insuf- 
ficiency in the United States and Western Europe, it is 
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a common cause in parts of the world where tuberculosis 
is endemic. In contrast to the shrunken appearance of the 
adrenal glands in idiopathic Addison disease, the glands in 
mycobacterial infection are typically enlarged and necrotic. 
Infection with Mycobacterium avium intracellulare is typi- 
cally associated with the presence of confluent masses of 
histiocytes containing acid-fast organisms. 

CMV has been identified in the adrenal glands of a large 
proportion of patients dying of the acquired immunodefi- 
ciency syndrome.” Adrenal cortical necrosis associated with 
CMV infection can be severe enough to result in acute adre- 
nal insufficiency in some instances. Both herpes simplex and 
varicella zoster may also involve the adrenal glands and may 
lead to adrenal cortical insufficiency when they are associ- 
ated with extensive cortical necrosis. 


Amyloidosis 

Rarely, amyloid deposition can result in cortical hypofunc- 
tion.” Typically, adrenal involvement is associated with 
extensive systemic amyloid disease of the AA type. The 
adrenal glands may have a normal shape and size or may be 
enlarged. In severe cases, the glands are pale tan to yellow. 
Amyloid deposits typically affect the fasciculata and retic- 
ularis zones and are present between the cortical cells and 
capillary endothelium. The cortical cells ultimately become 
atrophic as a result of the progressive deposition of inter- 
cellular amyloid. In patients with AL disease, the amyloid 
deposits are usually vascular in distribution. 


Adrenal Hemorrhage 

Adrenal hemorrhage may develop in a segmental fashion or 
may involve the entire adrenal (Fig. 3-7). This syndrome may 
be seen in association with sepsis and shock due to menin- 
gococcal infection or infection with other bacteria, including 
Haemophilus influenzae, Streptococcus pneumoniae, and 
Pseudomonas aeruginosa (Waterhouse-Friderichsen syn- 
drome). Typically, the glands are enlarged and hemorrhagic, 
with necrosis of both cortical and medullary tissue. Adrenal 


Figure 3-7 W Adrenal gland hemorrhage in a patient with 
cholangiocarcinoma. There was no evidence of metastatic disease. 
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hemorrhage in the Waterhouse-Friderichsen syndrome is 
regarded as the consequence rather than the cause of shock. 
Anticoagulant therapy has also been associated with adrenal 
hemorrhage. Corticomedullary necrosis of milder degrees 
can occur in association with hypotension and shock.” In 
patients with segmental lesions, examination of the capsu- 
lar vessels and sinusoids often reveals evidence of thrombus 
formation. Affected cortical areas show a pattern of isch- 
emic necrosis that ultimately heals by the process of fibrosis. 


Miscellaneous Causes of Hypofunction 

Adrenal hypofunction may result from bilateral involvement 
by tumor, most commonly metastatic carcinoma. Typically, 
clinically apparent hypofunction occurs when more than 
95% of the glands are replaced by tumor. A rare case of 
hypofunction has been reported secondary to involvement 
by Erdheim-Chester disease, a non-Langerhans histiocyto- 
sis that typically involves bone, but in which extraskeletal 
manifestations are present in up to 50% of cases. In this 
condition, there is diffuse enlargement of the adrenal gland 
secondary to infiltration by foamy histiocytes.” 

In patients with acquired immune deficiency syndrome 
(AIDS), involvement of the adrenals by opportunistic infec- 
tions or neoplasms such as Kaposi sarcoma can lead to sig- 
nificant glucocorticoid insufficiency. However, most AIDS 
patients also have decreased adrenal reserves characterized 
by a defect in the production of 17-deoxycorticosteroid by 
the zona fasciculata. This is associated with morphologic 
changes of lipid depletion as described earlier in stress- 
related changes of the adrenal gland. Also, peripheral resis- 
tance to glucocorticoids related to decreased affinity for type 
II glucocorticoid receptors has been reported in a subset of 
patients with AIDS." 

Drugs such as 12-methylbenzathracene and hexadimeth- 
ane can cause direct necrosis of the cortex. Ketoconazole, 
etomidate, cyanoketone, and trilostane have inhibitory effects 
on adrenal steroidogenesis while rifampicin and dilantin can 
lead to increased breakdown of glucocorticoids." 

Patients with increased iron stores can have excess depo- 
sition of iron in the adrenal cortex, particularly the zona 
glomerulosa. High-dose radiation to the abdomen, pelvis, 
or lumbar regions for treatment of malignancies can lead to 
fibrosis of the adrenal glands. While the adrenal cortex is 
relatively resistant to radiation compared to other endocrine 
organs, fibrosis of the inner cortex, particularly the zone 
reticularis along with reduction in the zona fasciculata, can 
occur.” 


Secondary Hypofunction 


Adrenocortical atrophy may be found in association with 
lesions primarily affecting the pituitary or hypothalamus, 
leading to diminished secretion of ACTH.‘ The adminis- 
tration of exogenous corticosteroids will produce similar 
changes as a result of suppression of endogenous ACTH. 
The adrenal glands in secondary hypofunctional states are 
considerably smaller than normal, although the overall 
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configurations of the glands are retained. Typically, the cortex 
is bright yellow owing to lipid accumulation in the cortical 
cells, the capsule is fibrotic, and the medulla is unaffected. 
The zona glomerulosa is usually of normal thickness in these 
cases. 


Hyperfunctional States 
Adrenocortical Hyperplasia 


Hyperplasia of the adrenal cortex, which represents an 
increased cortical mass resulting from stimulation of the 
cortex by ACTH derived from the pituitary gland or from 
a variety of extrapituitary sources, can be associated with 
a wide variety of clinical syndromes. Cortical hyperplasia 
can also selectively involve the zona glomerulosa in patients 
with idiopathic hyperaldosteronism. 


Pituitary/Hypothalamic-based Hyperplasia 
(Cushing Disease) 


Hyperplasia may be the result of stimulation of the adre- 
nal glands by ACTH-producing pituitary adenomas or of 
hypothalamic stimulation of the pituitary ACTH cells by 
CRH.”” Basophilic pituitary adenomas were originally 
described in association with hypercortisolism by Harvey 
Cushing in 1932, and this association has been termed 
Cushing disease or ACTH-dependent Cushing syndrome. 
Immunohistochemical studies have shown that ACTH- 
producing pituitary adenomas are considerably more com- 
mon than had been recognized on light microscopy alone, 
and many of them have been classified as microadenomas 
measuring considerably <1 cm. 

Adrenocortical hyperplasia in patients with ACTH- 
dependent Cushing syndrome can be either diffuse or nodu- 
lar and combinations of diffuse and nodular hyperplasia 
are common. In diffuse hyperplasia, gland weights may be 
increased minimally.® In more advanced cases, the combined 
average weight is considerably in excess of normal with 
combined weights of >25 g. The glands have rounded con- 
tours rather than the sharp outlines typical of normal glands. 
The inner portion of the cortex is widened and often appears 
pale brown or tan. The outer layers of the cortex are typically 
yellow. On microscopy, the inner brown zone corresponds to 
lipid-depleted cells of the fasciculata, whereas the cells of 
the outer cortex are more characteristically vacuolated.” The 
glomerulosa in adults with Cushing disease is often difficult 
to identify, but in children the glomerulosa may also appear 
slightly hyperplastic.” 

In some cases, the cortex may appear nodular with 
individual nodules measuring <0.5 or 1.0 cm in diameter, 
depending on varying criteria used by different authors.” 
This type of change is classified as “diffuse and micronodu- 
lar hyperplasia.” If the nodules exceed 1 cm in diameter, the 
hyperplasia is defined as “diffuse and macronodular type.” 

In diffuse and nodular (micro- or macro-)hyperplasia, 
multiple cortical nodules are present in association with a 


Figure 3-8 E Diffuse and nodular adrenocortical hyperpla- 
sia. Adrenal gland from a patient with pituitary-dependent Cushing 
syndrome (Courtesy Dr. A. Mc Nicol, Glasgow, Scotland, UK.). 


diffusely hyperplastic cortex (Figs. 3-8 and 3-9). Formation 
of nodules is often asymmetric. While one adrenal gland 
may show diffuse and nodular cortical hyperplasia, the con- 
tralateral adrenal gland may appear diffusely hyperplastic. 
Most often, the nodules are composed of admixtures of 
clear- and compact-type cells. In contrast to the atrophic cor- 
tex adjacent to a functioning adenoma, the cortex between 
or adjacent to the nodules in nodular hyperplasia is diffusely 
hyperplastic. 


Adrenocortical Hyperplasia Associated 

with Paraneoplastic (Ectopic) Production of 
Adrenocorticotropic Hormone or Corticotropin- 
releasing Hormone 


Hyperplasia can be found in association with a variety of 
neoplasms producing ACTH, CRH, or both ACTH and 
CRH.7’*°5! In most series, bronchial carcinoids and small- 
cell carcinomas are responsible for the paraneoplastic 
production of these hormones. Other tumors associated 
with the paraneoplastic ACTH syndrome include pancre- 
atic endocrine neoplasms, medullary thyroid carcinoma, 
thymic carcinoids, and pheochromocytomas. In patients 
with the paraneoplastic ACTH syndrome, the adrenals are 
usually larger (average combined weight of 20 to 30 g) 
than those seen in association with hyperplasia stemming 
from pituitary ACTH overproduction. The cortex is dif- 
fusely hyperplastic and appears tan-brown throughout its 
width. On microscopy, there is evidence of diffuse hyper- 
plasia of the fasciculata cells, which are characterized by 
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Figure 3-9 E Diffuse and nodular adrenocortical hyperplasia. Histologic section of diffuse (A) and nodular hyperplasia (B) from a 
patient with Cushing syndrome. There is predominantly hyperplasia of the vacuolated fasciculata. 


a compact or lipid-depleted appearance. Foci of nuclear 
enlargement and hyperchromasia of reticularis cells may 
be noted, and these features may be particularly striking 
adjacent to metastatic foci in the glands.” Both bronchial 
carcinoids and small-cell bronchogenic carcinomas may 
also produce CRH. 


Macronodular Hyperplasia (Massive 
Macronodular Adrenocortical Disease) 


In macronodular hyperplasia with marked adrenal enlarge- 
ment, the adrenal glands may together weigh up to 180 g, 
and individual nodules may measure up to 4.0 cm in diame- 
ter.?”884 Nodules are composed of clear cells, compact cells, 
or admixtures of these cell types. Macronodular hyperplasia 
is ACTH-independent, and this entity can involve a single 
gland in some instances.** The cortex between the nodules is 
often atrophic, as might be expected in an ACTH-independent 
process. This entity, which has also been referred to as mas- 
sive macronodular adrenocortical disease, has a bimodal age 
distribution. A small proportion of patients may present dur- 
ing the Ist year of life with association with the McCune- 
Albright syndrome. Most of the patients present clinically 
in the fifth decade with a male to female ratio of 1:1. Rare 
examples of familial massive macronodular adrenocorti- 
cal disease have also been reported. This disorder has been 
associated with aberrant (ectopic) expression and regulation 
of various G-protein-coupled receptors.*° These lesions are 
treated by bilateral adrenalectomy." 


Primary Pigmented Nodular Adrenocortical 
Disease—Microadenomatous Hyperplasia of 
the Adrenal Gland 


Primary pigmented nodular adrenocortical disease (PPNAD) 
is a rare disorder, which is seen in association with ACTH- 
independent Cushing syndrome and treated by bilateral 
adrenalectomy. Morphologically, PPNAD is characterized 


by the presence of multiple pigmented nodules of cortical 
cells with intervening atrophic cortical tissue.*”° The glands 
may be either smaller than normal or enlarged (range 0.9 to 
13.4 g). Individual nodules, which can vary in color from 
gray to black, typically measure from | to 3 mm in diameter, 
although larger nodules measuring up to 3 cm in diameter 
may also be evident. The nodules are composed of large, 
granular eosinophilic cells that often contain hyperchro- 
matic nuclei with prominent nucleoli (Fig. 3-10). Because 
of the atypical nuclear features, this entity had been referred 
to previously as micronodular dysplasia. The black color is 
due to the presence of lipochrome pigment. The presence 
of pigmented nodules might raise the possibility of meta- 
static melanoma, but this will be readily excluded on careful 
examination and review of the clinical data. 

Primary pigmented adrenal cortical disease may occur 
sporadically or in a familial form that can be associated with 


ee Sea fab £ 

Figure 3-10 E Primary pigmented nodular adrenocorti- 
cal disease (PPNAD). The nodule is composed of large cells with 
hyperchromatic nuclei. In this photomicrograph pigment is absent. 
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Carney complex (CNC), which includes cardiac myxomas, 
spotty pigmentation, neurofibromatosis, testicular Leydig or 
Sertoli cell tumors, mammary myxoid fibroadenomas, and 
cerebral hemangiomas.**”! The Carney complex may occur 
sporadically or may be inherited as an autosomal dominant 
trait. The gene encoding the protein kinase A type Io regu- 
latory subunit PRKARIA has been mapped to 17q22-q24 
and loss of heterozygosity (LOH) studies from patients with 
CNC have revealed mutations in this gene in approximately 
50% of affected individuals. No mutations have been found 
on 2p16. Studies of sporadic and isolated cases of (CNC) 
have also revealed inactivating mutations of PRKAR/A. The 
wild-type alleles could be inactivated by somatic mutations 
consistent with the hypothesis that the gene belongs to the 
tumor suppressor class.” Some studies have suggested that 
PPNAD may have an autoimmune etiology.” 

Howath et al. reported mutations in the gene encoding 
phosphodiesterase 11A4 (PDE/1A4) in cases of PPNAD and 
other forms of micronodular adrenocortical hyperplasia. LOH 
and other analyses showed susceptible genes at the 2q3 1-2q25 
locus.” PDEs regulate cyclic nucleotide levels. The same group 
subsequently reported that missense mutations of PDE/1A 
were frequently present in patients from the general popula- 
tion with adrenal cortical hyperplasia and adenoma, resulting 
in speculation that PDE/1A genetic defects may be associated 
with adrenal pathology in a wider clinical spectrum.” 


Adrenocortical Hyperplasia Associated with 
Hyperaldosteronism 


Primary hyperaldosteronism is characterized by the excessive 
secretion of aldosterone from the adrenal glands and is asso- 
ciated with suppression of plasma renin activity with resul- 
tant hypokalemia and hypertension. At least six subtypes of 
primary hyperaldosteronism have been recognized, including 
aldosterone-producing adenoma, idiopathic hyperaldoste- 
ronism, primary adrenal hyperplasia, aldosterone-producing 
adrenal cortical carcinoma, aldosterone-producing ovarian 
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patient with primary hyperaldosteronism. 


tumor, and familial hyperaldosteronism (FH).” FH is sub- 
divided into two groups: FH-I (glucocorticoid-remediable 
hyperaldosteronism) and FH-II (aldosterone-producing ade- 
noma and idiopathic hyperaldosteronism). 

In approximately 40% of cases of primary hyperaldoste- 
ronism, the only apparent adrenal abnormality is hyperpla- 
sia of the zona glomerulosa with or without the formation of 
micronodules.?*3°8°? Generally, biochemical abnormalities in 
patients with hyperplasia are less severe than in those with 
adenomas. On histologic examination, hyperplasia of the glo- 
merulosa is characterized by thickening of this cell layer, with 
extensions of the glomerulosa extending toward the fascicu- 
lata (Fig. 3-11). Micronodules, when present, are usually com- 
posed of clear fasciculata-type cells’? and are thought to be 
a consequence of the associated hypertension. In about 10% 
of cases, it may not be possible to distinguish a micronodule 
from a true adenoma associated with aldosterone production. 


ADRENAL NEOPLASMS | 


A host of syndromes predispose to adrenocortical or adre- 
nomedullary tumors. In addition to the previously discussed 
(CNC) and Beckwith-Wiedemann syndrome, other disorders 
associated with adrenal tumors include Li-Fraumeni syn- 
drome, multiple endocrine neoplasia (MEN) types 1, 2A, and 
2B, familial pheochromocytoma-paraganglioma, neurofibro- 
matosis type 1, and von Hippel-Lindau disease (Table 3-2). 
Unlike Beckwith-Wiedemann syndrome, which predisposes to 
both cortical and medullary tumors, the other syndromes give 
rise to either cortical or medullary tumors. While Beckwith- 
Wiedemann syndrome presents early in infancy and child- 
hood, the manifestations of the other syndromes usually occur 
later in life; however, features of MEN2B, which include oral, 
ocular, and gastrointestinal ganglioneuromatosis associated 
with a Marfanoid habitus, may present at birth. 

Adrenal medullary hyperplasia, although viewed as a 
nonneoplastic lesion, is seen in patients with inherited syn- 
dromes that predispose to the development of pheochromo- 
cytoma. This change has been reported in association with 
MEN2A and 2B and von Hippel-Lindau disease, but rare 
examples have been reported without an apparent associ- 
ated familial syndrome. This topic is further discussed in 
“Pheochromocytoma.” 


ADRENOCORTICAL NEOPLASMS 


Adrenocortical Adenomas 


Adrenocortical adenomas represent a heterogeneous group of 
benign neoplasms that can differentiate toward any of the cor- 
tical layers." Most adenomas are nonfunctional. In order 
of decreasing frequency, functional adenomas can be associ- 
ated with the production of mineralocorticoids (Conn syn- 
drome), glucocorticoids (Cushing syndrome), or sex steroids 
(adrenogenital syndrome). Mixed syndromes can also occur. 
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Nonfunctional Adrenocortical Adenomas and 
Cortical Nodules 


Epidemiology and Etiopathogenesis 


The classification of nonfunctional cortical nodes is contro- 
versial. While some studies refer to them as cortical adeno- 
mas, others classify them as hyperplastic nodules. In this 
chapter, the terms “nonfunctional adenoma” and “hyperplas- 
tic nodule” will be used interchangeably. 

Adrenocortical nodules occur commonly in patients 
without clinical or biochemical evidence of steroid hor- 
mone hypersecretion,” and they are detected frequently by 
abdominal imaging techniques. A significant proportion 
of these lesions occur as “‘incidentalomas.” Autopsy stud- 
ies have revealed cortical nodules in approximately 25% of 
individuals without evidence of biochemical abnormalities. 
They occur frequently in the adrenals of elderly individuals 
and in patients with essential hypertension or diabetes mel- 
litus. Most nodules represent foci of compensatory cortical 
hyperplasia that have developed in response to focal atrophy 
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of the cortex induced by narrowing of adrenal capsular arte- 
rioles.'°' Nonfunctional cortical nodules may be particularly 
prominent in patients with aldosterone-secreting adenomas, 
presumably as a result of the associated hypertension. 


Gross Pathology 


Although cortical nodules are commonly multicentric and 
bilateral, dominant nodules measuring up to 2 to 3 cm in 
diameter or larger may be present. The smaller nodules are 
often nonencapsulated, whereas the larger single nodules 
may be surrounded by a fibrous pseudocapsule. The nodules 
are generally bright yellow with foci of brownish discolor- 
ation (Fig. 3-12A). Those arising in the zona reticularis are 
more homogeneously brown or black. 


Microscopic Features 


Adenomas have pushing borders with a pseudocapsule 
derived from compression of the adjacent cortex or expansion 
of the adrenal capsule.!! They can be composed of small nests, 
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Figure 3-12 E Nonfunctional adrenocortical adenoma. The cut surface is bright yellow with central hemorrhage and fibrosis 
(A) (Courtesy of Dr. A. Matoso, Providence, RI). The tumor is composed predominantly of clear cells that resemble normal cells of the 
fasciculata (B), but compact cells are also present (C). Myelolipomatous change was present in a section from the central hemorrhagic area 


(D, arrow megakaryocyte). 
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cords, or alveolar arrangements of vacuolated (clear) cells that 
most closely resemble those of the normal fasciculata (Fig. 
3-12B). Variable numbers of compact-type cells are also pres- 
ent (Fig. 3-12C). Black adenomas are composed exclusively 
of lipochrome-rich compact cells.° The nuclear/cytoplasmic 
ratio is generally low, although a few single cells and small 
groups of cells may have enlarged and hyperchromatic nuclei. 
Typically, the nuclei are vesicular with small, distinct nucleoli 
and little or no mitotic activity. In fine-needle aspiration biopsy 
specimens, the cells are round to polyhedral with round nuclei 
and foamy cytoplasm. Numerous naked nuclei in a back- 
ground of granular to foamy material may be prominent. 

Foci of myelolipomatous change, calcification, or ossifi- 
cation may be evident within the nodules, particularly the 
larger ones (Fig. 3-12D). In contrast to functional adenomas 
associated with glucocorticoid production, the cortex adja- 
cent to nonfunctional nodules is of normal thickness. 


Epidemiology and Etiopathogenesis 


Functional adenomas associated with Cushing syndrome 
occur more commonly in females than in males and are typi- 
cally unilateral and unicentric. X-chromosome inactivation 
analyses have shown that some adenomas are clonal while 
others are polyclonal. Monoclonal adenomas are larger than 
polyclonal lesions and have a higher prevalence of nuclear 
pleomorphism.'” This heterogeneity may reflect different 
pathogenetic mechanisms or different stages of a common 
multistep process. 
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Gross Pathology 


The tumors are typically unilateral and present as sharply 
circumscribed masses that usually weigh <50 g and measure 
3 to 3.5 cm in average diameter. Larger tumors should be 
examined with particular care to rule out malignancy.’??” 
On cross section, adenomas vary from yellow to brown, and 
occasional examples of heavily pigmented (black) adeno- 
mas associated with Cushing syndrome have been reported 
(Fig. 3-13A). Necrosis is rare, but cystic change is relatively 
common, particularly in larger tumors. 


Microscopic Features 


The microscopic features are similar to those of nonfunc- 
tional adenomas.'! Adenomas are most often composed of 
small nests, cords, or alveolar arrangements of vacuolated 
(clear) cells that resemble those of the normal fasciculata. 
Generally, adenoma cells are somewhat larger than normal 
cortical cells. Variable numbers of lipochrome-rich com- 
pact-type cells are also evident® and predominate in cases 
of black adenomas (Fig. 3-13B). Foci of spindle-cell growth 
may be present in some cases, and some adenomas may 
exhibit considerable fibrosis or myxoid change. The nuclear/ 
cytoplasmic ratio is generally low, although a few single 
cells and small groups of cells may have enlarged hyperchro- 
matic nuclei. Typically, the nuclei are vesicular with small, 
distinct nucleoli. Mitotic activity is rare. In fine needle aspi- 
ration biopsy specimens, the cells are round to polyhedral 
with round nuclei and foamy cytoplasm. Numerous naked 
nuclei in a background of granular to foamy material may 
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FIGURE 3-13 E Pigmented (black) adenoma associated with Cushing syndrome (A). The tumor is composed predominantly of compact 


cells containing abundant lipochrome pigment (B). 
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Figure 3-14 E Adrenocortical adenoma associated with Conn 
syndrome. This tumor has a yellow-brown color or orange cut surface 
rather than a bright yellow appearance that is more characteristic. 


be prominent. Foci of myelolipomatous change or calcifica- 
tion may be seen, particularly in larger adenomas.” On ultra- 
structural examination, adenoma cells most closely resemble 
the cells of the normal fasciculata or reticularis.° 


Adenomas Producing Conn Syndrome 
Epidemiology and Clinical Features 


Initial studies suggested that cortical adenomas were respon- 
sible for Conn syndrome in up to 90% of cases; however, 
more recent analyses indicate that adenomas are present in 
a considerably smaller proportion of cases. As in cases of 
hyperplasia of the zona glomerulosa, these patients present 
with symptoms and signs of hypokalemia and hypertension. 


Gross Pathology 


Most adenomas associated with hyperaldosteronism mea- 
sure <2 cm in diameter and are round to ovoid in configura- 
tion.’ They are usually unilateral, bright yellow in color and 
are demarcated from the adjacent cortex by a fibrous pseu- 
docapsule. Occasional cases have a yellow brown or orange 
appearance (Fig. 3-14). 
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Microscopic Features 


The tumor cells, which are usually arranged in small nests 
and cords, can resemble cells of the glomerulosa, fasciculata, 
or reticularis or combine the features of both glomerulosa and 
fasciculata cells (hybrid cells)* (Fig. 3-15A). Some of the 
tumors may be highly pigmented.’ In patients treated with 
spironolactone, occasional cells may contain lamellar eosin- 
ophilic inclusions (spironolactone bodies) measuring up to 
10 um in diameter. They are often demarcated from the adja- 
cent cytoplasm by a clear halo (Fig. 3-15B). Ultrastructurally, 
spironolactone bodies resemble myelin figures. 

Although most of the tumor cells have relatively small 
vesicular nuclei and small but distinct nucleoli, some tumors 
exhibit considerable variation in nuclear size and shape. At 
the ultrastructural level, the mitochondria manifest tubular 
or vesicular cristae, although some may have lamelliform 
cristae typical of the zona glomerulosa. The fasciculata adja- 
cent to aldosterone-secreting adenomas is of normal thick- 
ness. Hyperplasia of the zona glomerulosa may be present, 
however, in association with these tumors.!% 


Adenomas Producing Adrenogenital Syndromes 
Epidemiology and Clinical Features 


Benign adrenocortical tumors may be associated with syn- 
dromes of virilization or feminization, but the presence of 
a pure adrenogenital syndrome, particularly feminization, 
should suggest the possibility of malignancy. Some authors, 
in fact, consider all feminizing cortical neoplasms as being 
potentially malignant. 


Gross and Microscopic Pathology 


Virilizing adenomas are generally larger than those found 
in the context of pure Cushing syndrome, and a few ade- 
nomas associated with adrenogenital syndromes have 
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Figure 3-15 E Adrenocortical adenoma associated with Conn syndrome. The tumor is composed of an admixture of fasciculata- and 
glomerulosa-type cells. Cells with enlarged, hyperchromatic nuclei are evident (A). Spironolactone bodies that have a typical lamellar 


appearance are prominent in this section (B). 
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Figure 3-16 E Adrenocortical adenoma associated with virilizing syndrome. This tumor from a 2-year-old girl has a brown cut 
surface (A). The neoplastic cells are eosinophilic and granular with focal nuclear enlargement and hyperchromasia (B). Nuclear 


pseudoinclusions are also present. 


weighed up to 500 g.°>4 Similar to tumors associated 
with glucocorticoid overproduction, virilizing adenomas 
are sharply circumscribed or encapsulated; however, they 
tend to be red-brown rather than yellow on cross section”? 
(Fig 3.16A). Smaller tumors have an alveolar pattern of 
growth, whereas larger tumors tend to have more solid or 
diffuse growth patterns. Although most tumor cells have a 
low nuclear/cytoplasmic ratio, single cells and small-cell 
groups may exhibit considerable nuclear enlargement and 
hyperchromasia. The cytoplasm is usually eosinophilic 
and granular (Fig. 3.16B). Rare virilizing tumors contain 
Reinke crystalloids and have been termed Leydig cell 
adenomas similar to their testicular counterparts. ">! On 
ultrastructural examination, the mitochondria are of the 
tubulolamellar type. Sex steroid—producing adenomas are 
not associated with atrophy of the adjacent cortex or the 
contralateral adrenal gland. 


Oncocytic Adrenocortical Tumors 
Epidemiology and Clinical Features 


Tumors with oncocytic features develop rarely as primary 
adrenocortical neoplasms. While some behave as benign 
neoplasms (oncocytomas), others may be malignant, as 
discussed in the section on adrenocortical carcinomas. 
Most oncocytomas are nonfunctional,'°’'°* but up to a 
quarter of tumors may be associated with virilization'® 1" 
or Cushing syndrome.'°*!!' A case of a giant oncocytoma 
arising in retroperitoneal accessory adrenal tissue has 
been described.'”” 


Gross and Microscopic Features 


Typically, adrenal cortical oncocytomas are dark brown, simi- 
lar to oncocytomas at other sites. Reported cases have ranged 


in size from 8 g to over 500 g. They have abundant granular 
eosinophilic cytoplasm (Fig. 3-17), which corresponds to the 
presence of numerous mitochondria with both lamellar and 
tubulovesicular cristae and small, electron-dense inclusions.'!* 
However, smaller eosinophilic cells (small oncocytes), may 
be present and may be quite frequent in some cases.!°* The 
nuclei are enlarged, irregularly shaped, and vesicular with 
coarse chromatin and prominent nucleoli. Nuclear psuedoin- 
clusions may be seen. Mitotic activity is minimal to absent 
and there is no evidence of necrosis. The cells have a tendency 
to be arranged in diffuse sheets, but variable trabecular, alveo- 
lar, and microcystic architecture can be seen. 

Bisceglia et al.''* suggested that oncocytic adreno- 
cortical tumors be classified as pure when the tumor was 
composed of 90% oncocytic cells and mixed when the 
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Figure 3-17 E Adrenocortical oncocytoma. The cells contain 
densely granular eosinophilic cytoplasm and pleomorphic nuclei 
with a pseudoinclusion. 
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tumors were composed of 50% to 90% oncocytic cells. 
Subsequently, Duregon et al.!° classified oncocytic adre- 
nocortical tumors as being pure, mixed, having focal onco- 
cytic features, or being conventional adrenocortical tumors 
when the oncocytic cells constituted >90%, 50% to 90%, 
10% to 49%, and <10% of the tumor cells, respectively 
(Box 3-2). Because of variations in sampling with fine nee- 
dle or core biopsies it is appropriate to render a diagnosis 
of “adrenocortical neoplasm with oncocytic features” in 
such samples. 

Recognition of adrenocortical oncocytoma and distinc- 
tion from conventional adrenocortical carcinoma is an 
important one since these tumors have many of the fea- 
tures that would fulfill criteria for malignancy in conven- 
tional adrenocortical neoplasms. Therefore, the criteria for 
malignancy in oncocytic adrenocortical tumors are differ- 
ent (Box 3-2) and are fully discussed in “Adrenocortical 
Carcinomas.” 

Although the granular cell variants of conventional RCC 
and chromophobe RCC tend to have eosinophilic cytoplasm, 
adrenocortical oncocytic neoplasms generally tend to have 
more voluminous cytoplasm that demonstrate diffuse strong 
positive granular cytoplasmic staining with the antimito- 
chondrial antibody mES-13.'°!°* Immunohistochemical 
staining with markers for adrenocortical tumors and RCC 
will assist in the diagnosis. Melan-A-positive staining of neo- 
plastic cells is the most sensitive adrenocortical marker.'!° 
As noted in a subsequent section, pheochromocytomas 
rarely have oncocytic cytoplasm (oncocytic pheochromo- 
cytoma), but staining with antibodies to chromogranin will 
assist in establishing the diagnosis of pheochromocytoma. 
Interestingly, like oncocytic neoplasms of other organs, 


Box 3-2 © ONCOCYTIC ADRENOCORTICAL 
TUMORS (OACTS) 


Classification of OACT 


Pure OACT >90% oncocytic cells 
Mixed OACT 50%-90% oncocytic cells 
Focal OACT 10%-49% oncocytic cells 


Conventional 


adrenocortical tumors <10% oncocytic cells 


Clinical Behavior 
Malignant OACT 
Borderline OACT 
Benign OACT 


Any major criteria 
One to four minor criteria 
Absence of major or minor criteria 


Major Criteria 

>5 mitoses per 50 HPFs 
Atypical mitoses 
Venous invasion 


Minor Criteria 

Size >10 cm or >200 g 
Microscopic necrosis 
Capsular invasion 
Sinusoidal invasion 
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9 of 12 tumors classified by Duregon et al.!3" as oncocytic 
adrenal adenomas were shown to have the 4,977-bp mito- 
chondrial DNA “common deletion” by real-time polymerase 
chain reaction (PCR) and fluorescent in situ hybridization 
(FISH). However, this finding was not entirely specific since 
it was demonstrated in some normal adrenocortical cells and 
some examples of conventional adrenocortical adenomas.!!*° 


Adrenocortical Carcinomas 
Epidemiology and Etiopathogenesis 


Adrenocortical carcinomas account for 0.05% to 0.2% of 
all malignancies and have an incidence of approximately 
one to two cases per million population per year. They have 
a bimodal age distribution with a small peak occurring in 
the first two decades and a larger peak in the fifth decade.'4 
Adrenocortical carcinomas develop somewhat more com- 
monly in women than in men in most large clinical series, 
although some studies have demonstrated a slight male 
predominance. They occur in approximately 1% of patients 
with the Li-Fraumeni syndrome, with most affected individ- 
uals harboring p53 mutations at chromosome locus 17p13. 
These tumors, in fact, may be the only manifestation of this 
disorder in childhood.!! The frequency of cortical malig- 
nancies is also increased in patients with the Beckwith- 
Wiedemann syndrome (Table 3-2) and congenital adrenal 
hyperplasia. 

Gene expression profiling studies have demonstrated 
that the most significantly upregulated genes in carcinomas 
include ubiquitin-specific protease 4 (USP4) and ubiquitin 
degradation 1-like (UFD/L). Additional upregulated genes 
include members of the insulin-like growth factor (IGF) 
family such as JGF2, IGF2R, IGFBP3, and IGFBP6.''% 
Giordano et al. also demonstrated increased expression 
of IGF2 in adrenal cortical carcinomas.'!’? Downregulated 
genes in carcinomas include the chemokine (C-X-C 
motif) ligand 10 (CXCL10), the retinoic acid receptor 
responder 2, the aldehyde dehydrogenase family member 
Al (ALDIFf1A1), cytochrome b reductase 1, and glutathione 
S-transferase A4.1!7 

Similar patterns of gene expression occur in pediatric 
adrenal cortical tumors with a consistent marked decrease 
in the expression of all histocompatibility class II genes in 
carcinomas as compared to adenomas.!!* These results paral- 
lel the observations by Marx et al.!!° that pre- and postnatal 
adrenals do not express major histocompatibility complex 
class II antigens in contrast to adult adrenals, which express 
these antigens. 


Clinical Features 


Some patients may present with abdominal pain, and up 
to 30% may have a palpable abdominal mass. The tumors 
may be associated with Cushing syndrome or evidence of 
sex steroid overproduction, and mixed syndromes are more 
common than in patients with cortical adenomas. In excep- 
tional circumstances, mineralocorticoid production may be 
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present. A significant proportion of cortical carcinomas (up 
to 75% in some series) may be unassociated with syndromes 
of hormone overproduction.'”° In some instances, patients 
may show signs of hypoglycemia due to the production of 
IGFs by the tumor or hypercalcemia due to the production of 
parathyroid hormone-trelated peptide. 


Gross Pathology 


Adrenocortical carcinomas generally weigh more than 
100 g in adults, and most often, tumor weight is in excess 
of 750 g.*''!74 Rarely, however, tumors weighing <50 g 
will metastasize, while a small proportion of tumors weigh- 
ing more than 1,000 g will not. It should be remembered, 
however, that benign tumors associated with sex steroid 
overproduction, however, can weigh considerably more than FiGure 3-18 E Adrenocortical carcinoma. The cut surface of 
100 g. Tumor weight is a useful predictor of malignancy in __*his large tumor shows prominent necrosis. 

children. Tumors weighing more than 500 g in a series of 
23 cases reported by Cagle et al.!*> were malignant, whereas 
only a single tumor weighing <500 g pursued a malignant 
course. 

Many cortical malignancies have a multinodular appear- 
ance with individual nodules varying from pink to yellow-tan, 
depending on their lipid content. Carcinomas associated with 
feminization or virilization tend to be red-brown, while those Adrenocortical carcinomas have diverse architectural pat- 


cystic change, hemorrhage, and calcification are common, par- 
ticularly in large tumors (Fig. 3-18). The larger tumors often 
invade contiguous structures, including the kidney and liver. 


Microscopic Features 


associated with Cushing syndrome are more often yellow-tan. terns, including alveolar (Fig. 3-19), trabecular, or solid 
Rare cases may have a myxoid appearance. Foci of necrosis, patterns of growth, and many tumors exhibit admixtures 
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Figure 3-19 E Adrenocortical carcinoma. The tumor has an alveolar pattern of growth (A, low power; B, high power). 
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Figure 3-20 E Adrenocortical carcinoma. Trabecular growth pattern (A), nuclear pleomorphism (B), prominent mitotic activity 
(C, inset atypical mitotic figure), and vascular space invasion (D) are demonstrated. 


of these patterns.” Many tumors are composed of wid- 
ened trabeculae separated by endothelium-lined sinusoi- 
dal channels (Fig. 3-20A) in contrast to the thin cell cords 
characteristic of adenomas. Necrosis, particularly in large 
tumors, may be extensive (Fig. 3-21A). Foci of myxoid 
change, pseudoglandular patterns, and spindle-cell growth 
may be prominent in some cases.” Depending on their 
lipid content, the cytoplasm may vary from vacuolated to 
eosinophilic. Some tumors may have eosinophilic globular 
inclusions resembling those seen in pheochromocytomas. 
Rare cases may exhibit adenosquamous differentiation.!?’ 
There may be considerable variation in the appearance of 
the nuclei. In some instances, they may appear relatively 
small and uniform, while in others they may exhibit marked 
pleomorphism (Fig. 3-20B), coarse chromatin, and multiple 
enlarged nucleoli. Mitotic activity, including atypical forms 
(Fig. 3-20C), is often prominent. Nuclear pseudoinclusions 
may be particularly striking in some cortical carcinomas. 
Some adrenocortical carcinomas are composed of oncocytic 
cells.!012-130 While some of these tumors may be associated 


with Cushing syndrome or feminization,'® others may be non- 
functional. Hoang et al.'”? concluded that large tumor size, 
extracapsular extension, vascular invasion, necrosis, and 
metastasis are features of malignancy in these tumors, while 
mitotic rate was less than 1 per 10 high-power fields (HPFs).'”° 
Cytologic atypia and mitotic rate, therefore, were not reliable 
criteria for the prediction of biologic behavior of these neo- 
plasms according to this study.!”° On the other hand, Bisceglia et 
al.!” have also reviewed the criteria for the distinction of benign 
and malignant adrenal oncocytic tumors.!” According to these 
authors, major criteria for malignancy included high mitotic 
rate, atypical mitoses, and venous invasion while minor criteria 
included large tumor size, necrosis, capsular invasion, and sinu- 
soidal invasion (Box 3-2, section on Oncocytic Adrenocortical 
Tumors). The presence of one major criterion was sufficient for 
the diagnosis of malignancy while one to four minor criteria 
were sufficient for a diagnosis of tumors of uncertain malignant 
potential. The absence of all criteria indicated benignancy. 
Rarely, adrenocortical carcinomas may contain sar- 
comatous foci (carcinosarcoma). In the case reported by 
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Figure 3-21 E Adrenocortical carcinoma. There was extensive necrosis of this tumor and viable tumor cells have high nuclear to 
cytoplasmic ratio (A, hematoxylin—eosin section; necrosis in right lower aspect). Neoplastic cells stain positively with antibodies to melan-A 


(B), inhibin (C), and synaptophysin (D). 


Fischler et al.,'3' the sarcomatous component had features 
of rhabdomyosarcoma and stained positively for muscle- 
specific actin and desmin. Although this tumor was asso- 
ciated with virilization, the case reported by Decorato et 
al.'*? was nonfunctional. Recently, Thway et al." reported 
an example of oncocytic adrenocortical carcinosarcoma in 
a 45-year-old man with pleomorphic rhabdomyosarcoma 
that metastasized to the mesentery, hilar lymph nodes, 
lungs, and brain over the 11-month terminal course from 
diagnosis. 

In fine needle aspiration biopsy samples, cortical carcino- 
mas generally contain single cells and poorly cohesive cell 
clusters in a necrotic background. Although there may be 
considerable nuclear atypia and mitotic activity, some cor- 
tical carcinomas appear deceptively bland." According to 
Ren et al.! common cytologic features include hypercellu- 
larity, necrosis, nuclear pleomorphism, mitotic figures, and 
prominent nucleoli. Twenty percent of their cases exhibited 
all five features while necrosis and/or mitoses were found in 
every case. 


Differential Diagnosis and Ancillary Studies 


Adrenocortical carcinomas must be distinguished from 
cortical adenomas and a variety of secondary tumors involv- 
ing the adrenal gland, including RCC, hepatocellular car- 
cinoma (HCC), metastatic carcinoma, and liposarcoma. 
Immunohistochemistry may be of particular value in dis- 
criminating these tumors,!”"**° (Table 3-3; Box 3-3). The 
most commonly utilized immunohistochemical antibodies 
for adrenal cortical tumors are those that react with melan-A, 
calretinin, and inhibin A (Fig. 3-21) and synaptophysin. The 
monoclonal antibody A103, which reacts with melan-A, an 
antigen recognized by cytotoxic T cells and expressed in mela- 
nocytes, has also been used for the identification of adreno- 
cortical and other steroid hormone—producing tumors.'* With 
the exception of melanoma, the only tumors that are reactive 
with A103 are adrenocortical adenomas and carcinomas, tes- 
ticular Leydig cell tumors, and ovarian Sertoli-Leydig cell 
tumors. Antibodies to inhibin A also provide an additional 
useful approach for the identification of steroid-producing 
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Table 3-3 m DIFFERENTIAL DIAGNOSIS OF ADRENOCORTICAL CARCINOMA 


Limited Panel of Antibodies 


Tumor CK VIM Mel-A INH CAL SYN CHR S-100 EMA pCEA Other Antibodies 
Cortical carcinoma +/- + + + + +/ D2-40+, SF1+ 
Pheochromocytoma +/ + + - - - 
Hepatocellular + +/ +/ + AFP+, Hep+, CD10+ 
carcinoma (pCEA pattern) 
Renal cell carcinoma + i /+ J+ +/ RCC+, CD10+ 
Metastatic NSCLCA + +/. + TTF-1+, CK7+, SP-A+ 
Metastatic BrCA + / |+ + + GCDFP-15+, MMG+ 
Metastatic CRCA + / +/ CK20+, CDX2+ 
Metastatic melanoma - + + + - - HMB-45+, MITF+ 
Liposarcoma —/+ + + - - CDK4+, MDM2+ 


AFP alpha fetoprotein; BrCA, breast carcinoma; CAL, calretinin; CDK-4, cyclin dependent kinase 4; CDX2, caudal type homeobox 2; CK, cytokeratin; 
CHR, chromogranin; CRCA, colorectal carcinoma; EMA, epithelial membrane antigen; GCDFP gross cystic disease fluid fluid protein; Hep, hepato- 
cyte; HMB-45, human melanoma black 45; INH, inhibin; MDM2, mouse double minute 2; Mel-A, melan A; MITF, microphthalmic transcription factor; 
MMG, mammoglobin; NSCLCA, non-small cell lung carcinoma; pCEA, polyclonal carcinoembryonic antigen; RCC, renal cell carcinoma antigen; SF-1, 
steroidogenic factor 1; SP-A, surfactant protein A; SYN, synaptophysin; TTF1, thyroid transcription factor 1; VIM, vimentin. 


cells. Renshaw and Granter'> have demonstrated that inhibin 
A and A103 are both useful for the identification of adre- 
nal cortical neoplasms and that A103 is marginally more 
specific and inhibin A slightly more sensitive. Calretinin is 
also expressed in adrenal cortical neoplasms and is a use- 
ful adjunct in cases where stains for inhibin A are negative. 
Jorda et al. demonstrated that almost 75% of cortical neo- 
plasms were positive for inhibin A; however, when calretinin 
was added, the numbers of tumors staining positively for the 
two markers increased to 94% (31/33 cases). 

There are considerable differences in the reported inci- 
dences of keratin positivity in cortical carcinomas, depending 
on the specificities of the antibodies and the types of tissue 
preparation (Table 3-3). With microwave retrieval methods, 
cytokeratin immunoreactivity is present focally in up to 60% 
of adrenal cortical neoplasms.'*°4! Interestingly, all four of 
the oncocytic carcinomas reported by Hoang et al.! were 
positive for cytokeratins using AE1/AE3 and CAM 5.2 anti- 
bodies. Epithelial membrane antigen is consistently nega- 
tive in adrenocortical neoplasms. "41614 Vimentin is evident 
in most cortical carcinomas following microwave-induced 


Box 3-3 @ IMMUNOPROFILE 
OF ADRENOCORTICAL LESIONS 


Positive 
Melan-A 
Calretinin 

Inhibin 

SF-1 
Synaptophysin 
AE1/AES keratin 


Negative 

HMB-45 

Chromogranin 

Epithelial membrane antigen 


antigen retrieval. Some cortical carcinomas may, therefore, 
exhibit a vimentin-positive, cytokeratin-negative phenotype 
while others may coexpress cytokeratins and vimentin.!*! 
Some adrenocortical carcinomas exhibit evidence of neu- 
roendocrine differentiation, as is manifest by the presence 
of immunoreactivity for synaptophysin (Fig. 3-21D), neuro- 
filament proteins, and neuron-specific enolase.'*3!4 In con- 
trast to pheochromocytomas, however, cortical carcinomas 
are negative for the chromogranin/secretogranin proteins. 
Ultrastructural analysis of cortical carcinomas with neuroen- 
docrine differentiation showed clusters of membrane-bound 
secretory granules that measured 150 to 300 nm in diameter 
resembling neurosecretory granules. The tumor cells also 
contained synaptophysin messenger RNA." Several other 
approaches have been used for the identification of adreno- 
cortical neoplasms, including antibodies reactive with ste- 
roidogenic enzymes and transcription factors that regulate 
the expression of these genes.'**'4° Schröder et al.!° have 
developed a monoclonal antibody (D11) that is reactive 
with normal and neoplastic cortical cells but nonreactive 
with normal adrenal medullary cells and pheochromocyto- 
mas. This antibody recognizes several 59-kD proteins that 
are capable of binding apolipoprotein E. The D11 antibody, 
however, is not specific for steroid hormone—producing cells, 
since it is also present in several other tumor types, including 
HCC, RCC, and some cases of bronchogenic carcinoma.!*” 
Browning et al.'** reported that D2-40, a marker that is com- 
monly used to highlight lymphatic endothelial cells, was 
highly specific and sensitive for differentiating adrenal cor- 
tical tumors from both metastatic RCCs and pheochromo- 
cytomas. In this series, D2-40 was strongly and diffusely 
positive in the cells of the neoplastic and nonneoplastic adre- 
nal cortex, but was negative in 13 cases of clear-cell renal 
carcinomas and in normal and neoplastic medullary cells. 
Sangoi and McKenney! reported that a commercially avail- 
able nuclear antibody to steroidogenic factor-1 (SF-1) was 
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helpful in eliminating interpretative issues of artifactual or 
background reactivity to distinguish adrenocortical lesions 
from pheochromocytoma when used in conjunction with 
chromogranin and either calretinin or inhibin. However, in 
the vast majority of cases of pheochromocytoma, positive 
staining for chromogranin will be diagnostic. Sbiera et al.!°° 
also reported high sensitivity and specificity of SF-1 in dis- 
tinguishing the adrenocortical origin of tumors from nonste- 
roidogenic tumors. 

Ultrastructurally, the mitochondria of cortical carcino- 
mas may be round, ovoid, or elongated. Silva et al.'*' have 
found isolated mitochondria with tubular cristae in virtu- 
ally every case, but tumors containing a predominance of 
tubular mitochondria were found in only about half of the 
cases. Abundant smooth endoplasmic reticulum is present in 
approximately 10% of cases.'*! 


Criteria for Malignancy 


The distinction between benign and malignant cortical tumors 
is occasionally challenging, and different authors have used 
a variety of parameters to differentiate these groups of neo- 
plasms. !?!!15-158 Hough et al.'*? found that the presence of 
necrosis (larger than 2 HPFs in diameter) and broad fibrous 
bands were the most useful histologic discriminants. In addi- 
tion, a diffuse pattern of growth, nuclear hyperchromasia, 
and vascular invasion were also helpful in making the dis- 
tinction between benign and malignant cortical neoplasms. 
Weiss’?! proposed a system for the distinction of benign 
and malignant tumors based on the following nine parameters 
(Table 3-4): high nuclear grade (Fuhrman grade 3 or 4); >5 
mitoses per 50 HPF; atypical mitoses (Fig. 3-20C); diffuse 
patterns of growth; necrosis; invasion of venous (Fig. 3-20D), 
sinusoidal, or capsular structures; and clear cells comprising 
<25% of the tumor. !?!!58 In a series of 43 cases, Weiss!*! found 


Table 3-4 m CRITERIA FOR THE DIAGNOSIS 


OF ADRENOCORTICAL CARCINOMA 
Aubert et al. (160) 


Weiss Modification of 

Histologic Features (121,159) Weiss System 
Nuclear grade 1 N/A 

(Fuhrmann grade 

3 or 4) 
Necrosis 1 1 
Diffuse architecture 1 N/A 

(>30% of tumor) 
Capsular invasion 1 í 
Atypical mitoses 1 1 
Sinusoidal invasion 1 N/A 
Venous invasion 1 N/A 
Mitoses (>5/50 HPF) 1 2 
Clear cells (<25%) 1 2 
Threshold for >3 >3 


malignancy 


that tumors with fewer than two of these features never metas- 
tasized, while those with more than four almost invariably 
recurred or metastasized. Subsequently, Weiss et al.'*? lowered 
the threshold for malignancy from four to three parameters. 
Aubert et al. confirmed the value of the Weiss system, but 
have proposed a modification based on the most reproducible 
criteria, including mitotic rate (>5 per 50 HPF), cytoplasmic 
features (<25% clear cells), abnormal mitoses, necrosis, and 
capsular invasion. The first two features were assigned values 
of 2 while the remainder was assigned values of 1. According 
to this system, each tumor could be given a score of 0 to 7 and 
the threshold for malignancy remained a score of 3 or more. 

Volante et al. proposed an algorithm in which dis- 
ruption of the reticulin network combined with any one of 
the three criteria: mitotic rate >5 per 50 HPFs, necrosis, or 
vascular space invasion for the diagnosis of adrenocorti- 
cal carcinomas. According to the authors, tumors classified 
as adrenocortical carcinomas and adenomas by the Weiss 
system were similarly classified with 100% sensitivity and 
specificity using this alternative approach. Disruption of the 
reticulin network was assessed by silver histochemical stain- 
ing and basal lamina was assessed using immunohistochem- 
ical antibodies to laminin and collagen type IV. Disruption 
of the reticulin/basal lamina network was defined by loss of 
continuity of the reticular fibers or basal membrane network 
in 1 HPF (400x = 0.2 mm?) extended to at least one-third of 
the lesion. The authors suggest that this method was easier 
to use and more practical. More recently, Duregon et al.''° 
also applied this algorithm to their series of oncocytic adre- 
nocortical tumors and found that there tended to be a more 
heterogenous pattern of reticulin framework and that disrup- 
tion was more likely to occur in nononcocytic areas, thus 
posing additional challenges. However, they concluded that 
its applicability was justified because it avoided undestima- 
tion of malignancy in this group of tumors. 

In the study of myxoid adrenocortical tumors by Papotti 
et al.,'*' 8 of 10 cases with myxoid areas that ranged from 5% 
to 90% fulfilled Weiss’ criteria for malignancy (score > 3), 
but 2 cases with 90% myxoid areas had a Weiss score of 1. 
In one of the latter tumors that measured 5 cm and weighed 
55 g, there was local and peritoneal recurrence at 60 months 
after resection and the patient eventually died of disease at 
68 months. The other patient with a 20-g tumor had no evi- 
dence of disease at 9 months of follow-up. In their study 
they also cited four other cases with conventional features 
of adrenocortical carcinoma with focal myxoid degenerative 
changes. The authors concluded that myxoid adrenocortical 
tumors represent a rare but histologically and phenotypically 
distinct entity exhibiting malignant behavior.'®! 

The issue of malignancy is even more complicated in 
the pediatric population in which the criteria of Weiss are 
less predictive of an aggressive course. Cagle et al.! found 
tumor weight >500 g to be the most useful determinant in 
predicting malignant behavior. Even tumors with evidence 
of vascular invasion failed to pursue an aggressive course. 
Wieneke et al recently more reported their experience with 
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83 cortical neoplasms in patients <20 years of age. Twenty- 
three of seventy-four cases with a malignant histology based 
on adaptation of Weiss’ criteria had a clinically malignant 
course.'” From their analysis, features associated with an 
increased probability of malignant behavior included tumor 
weight >400 g, size >10.5 cm, vena cava invasion, capsular 
and/or vascular invasion, extension into periadrenal soft tis- 
sue, confluent necrosis, severe nuclear atypia, >15 mitoses 
per 20 HPFs, and the presence of atypical mitotic figures. Of 
these, vena cava invasion, necrosis, and mitotic activity inde- 
pendently predicted malignant behavior in multivariate anal- 
yses. Because of the added uncertainty in pediatric tumors, 
Dehner has suggested labeling tumors fulfilling Weiss’ crite- 
ria as “atypical adenomas.”!? 

Unlike pediatric cases where it is recommended that 
a diagnosis of “atypical adenoma” should be rendered 
instead of carcinoma despite the presence of criteria for 
malignancy, in adults the presence of a single worrisome 
feature including weight >200 g, prominent diffuse growth 
pattern, conspicuous mitotic activity or necrosis is suf- 
ficient cause for rendering a diagnosis of “atypical ade- 
noma” or “adrenocortical neoplasm of uncertain malignant 
potential.” 


Prognostic Factors, Treatment, and Outcome 


There are no generally accepted criteria for the grading of 
cortical carcinomas. In an analysis of 42 carcinomas, the 
only parameter that had a strong statistical association with 
patient outcome was mitotic rate.’ Patients with tumors 
containing more than 20 mitoses per 50 HPFs had a mean 
survival of 14 months while tumors with fewer than 20 mito- 
ses had a mean survival of 58 months. Atypical mitoses, 
capsular invasion, tumor weight in excess of 250 g, and size 
in excess of 10 cm each had a marginal association with 
survival. Other features including nuclear grade, presence 
of necrosis, venous or sinusoidal invasion, character of the 
tumor cell cytoplasm, or architectural pattern had no impact 
on survival. 

Based on multivariate analysis, Volante et al.'°* also 
stratified adrenocortical carcinomas in their proposed 
algorithm into low-, intermediate- and high-risk groups: 
low risk, stage 1 to 2 and mitosis <9 per 50 HPF; intermedi- 
ate risk, stage 1 to 2 and >9 mitoses per 50 HPF or stage 
3 to 4 and <9 mitoses per 50 HPFs; high risk, stage 3 to 4 
and >9 mitoses per 50 HPF. Mean disease-free survivals 
were reported to be 61.9, 17.3, and 12.2 months in the low-, 
intermediate-, and high-risk groups, respectively. 

Other approaches for predicting outcome include 
DNA content, MIB-1 labeling index, and p53 status.’**"'*° 
Early studies indicated that carcinomas were aneuploid 
and adenomas diploid, but subsequent analyses demon- 
strated aneuploidy in some adenomas and diploidy in some 
carcinomas.'*”!°8 Vargas et al.'* demonstrated that the mean 
proliferative fraction, as determined by counting the propor- 
tion of MIB-1-positive cells was 1.49% in adenomas, 20.8% 
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in carcinomas, and 16.6% in recurrent or metastatic tumors. 
None of the 20 benign lesions had a MIB-1 score that 
exceeded 8%, while only one of 20 malignancies had a score 
of <8%. Forty-five percent of the carcinomas were positive 
for p53, while none of the 20 adenomas was p53-positive. 
Aubert et al.'® also observed a statistically significant differ- 
ence in MIB-1 labeling indices between benign (2.4 + 1.3%) 
and malignant (21.2 + 18.44%) tumors. 

Comparative genomic hybridization studies have revealed 
that genetic alterations are more common in malignant than 
in benign cortical tumors while they occur rarely in hyper- 
plastic lesions. Losses of 1p21-p31, 2q, 3p, 3q, 6q, 9p, and 
11ql4-qter and gains of 5q12, 9q32-qter, 12g, and 20q 
were the most frequent abnormalities present in carcino- 
mas. Gains in 17q, 17p, and 9q32-qter were most frequent 
abnormalities in adenomas while gains in two of six cases 
of cortical hyperplasia involved 17 or 17q.'® Several groups 
have demonstrated LOH of 11q13 in a significant proportion 
of adrenal cortical carcinomas; however, none of the tumors 
demonstrated a mutation in the MEN1 gene.'®'®7 LOH of 
17p13 and 11p15 have been demonstrated in approximately 
80% of cortical carcinomas. Gicquel et al.! have further 
demonstrated that 17p13 LOH and histologic grade were 
independently associated with tumor recurrence. Sbiera 
et al. reported strong SF-1 protein expression correlat- 
ing with poor clinical outcome in adrenocortical carcinomas 
independent of stage of tumor. 

Didolkar et al. have studied the natural history of a 
large series of patients with adrenocortical carcinoma. The 
mean duration of symptoms in patients with or without 
hormonal manifestations was 6 months. Fifty-two percent 
had distant metastases at the time of diagnosis, 41% had 
locally advanced disease, and 7% had tumor confined to the 
adrenal gland. The overall median survival was 14 months, 
and the 5-year survival rate was 24%. The median survival 
of patients with functional tumors was somewhat lon- 
ger than that of those patients with nonfunctional tumors. 
The most common sites of metastasis were the lungs, fol- 
lowed by retroperitoneal lymph nodes, liver, and bone. 
While acknowledging the low numbers and limited follow- 
up, Duregon et al.'!* have suggested that pure oncocytic 
adrenocortical carcinomas tended to have a more indolent 
course. The staging of adrenocortical carcinoma is summa- 
rized in Table 3-5.'° 

In view of the improvements in sensitivity of imaging 
modalities, the question arises as to whether there have 
been improvements in the diagnosis of adrenocortical car- 
cinoma at earlier stages with resultant improved survival. 
Paton et al.'™” recently analyzed data from the Surveillance, 
Epidemiology and End results database for the period 1988 
through 2002. Of 602 tumors, 3% were <5 cm and local- 
ized (stage I), 36% were >5 cm and localized (stage I), and 
20.3% invaded adjacent structures (stage III). There were 
distant metastases (stage IV) in 31.4% of cases and stage 
was unknown in 8.8%. While 5-year survivals were better 
in localized disease (62%) compared to 7% in advanced 
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Table 3-5 m PATHOLOGIC STAGING OF ADRENOCORTICAL CARCINOMA 


Definitions of TNM 


Primary Tumor (T) 


TX: Primary tumor cannot be assessed 
TO: No evidence of primary tumor 
T1: Tumor 5 cm or less in greatest dimension, no extra-adrenal extension 
T2: Tumor >5 cm, no extra-adrenal extension 
T3: Tumor of any size with local invasion, but not invasion of adjacent organs* 
T4: Tumor of any size with invasion of adjacent organs* 
Regional Lymph Nodes (N) 
Nx: Regional lymph nodes cannot be assessed 
No: No regional node metastasis 
N1: Metastasis in regional lymph node(s) 
Distant Metastases (M) 
Mo: No distant metastases 
M1: Distant metastases 
Anatomic Stage/Prognostic Groups 

Stage l: T NO MO 
Stage Il: T2 NO MO 
Stage Ill: mi N1 NO 

T2 N1 MO 

13 NO MO 
Stage IV: ls N1 MO 

T4 NO MO 

T4 N1 MO 

Any T Any N M1 
From Edge et al (eds). Adrenal Gland Staging, AJCC Cancer Staging Manual. 7™ ed. New York, NY:Springer; 
2009:515-520. 
*Adjacent organs include kidney, diaphragm, great vessels, pancreas, spleen, and liver. 


disease, tumor stage and survival did not improve over the 
15-year study period. 


Handling and Reporting of Adrenalectomy 
Specimens for Adrenocortical Lesions 


Knowledge of the clinical, radiologic, and endocrinologic 
findings of patients is essential for appropriate assess- 
ment of adrenalectomy specimens. Subsequent handling 
and processing of the resected specimens are dictated by 
the presence or absence of a mass lesion. If the adrenals 
have been resected for bilateral adrenocortical hyperpla- 
sia, the periadrenal adipose tissue should be dissected 
from the glands in order to determine accurate glandu- 
lar weights. Multiple cross sections should be prepared 
at 0.2- to 0.3-cm intervals from the head to tail regions 
of the glands in order to determine the thickness of the 
cortical layer and the presence or absence of small nod- 
ules or other lesions. Intraoperative gross examination of 
the resected specimen and review of radiologic findings 
in the contralateral adrenal are of value in the distinction 
of adenoma and nodular hyperplasia. Gross photographs 


should be taken to document the presence of any abnor- 
malities. Representative sections from the head, body, and 
tail regions in addition to sections from any focal lesions 
will provide adequate histologic sampling. Frozen section 
examination is generally not indicated although there may 
be some exceptional situations in which frozen sections 
may be necessary. 

Adrenals resected for relatively small mass lesions mea- 
suring <2 cm should be weighed and measured following 
dissection of periadrenal adipose tissue. For these cases, 
the lesions with the adjacent adrenal gland should be sec- 
tioned at 0.3- to 0.5-cm intervals with at least three sections 
selected for histologic examination. Sections should include 
the capsule of the lesion. Additional sections of the adjacent 
cortex should be obtained in order to assess the presence of 
associated cortical abnormalities. 

Larger adrenal resection samples with surrounding adi- 
pose tissue should be measured, weighed, and inked prior 
to sectioning at 0.5- to 1-cm intervals. Gross photographs 
are of value for documenting the appearance of the tumor 
and the presence or absence of areas of invasive growth. 
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If there is a suspicion of malignancy, the periadrenal soft 
tissues should be left in continuity with the tumor in order 
to assess the presence or absence of capsular invasion and 
periadrenal soft tissue involvement. In general, one section 
for each centimeter of the largest tumor diameter will pro- 
vide adequate sampling. Sections should include areas of 
differing consistencies, hemorrhage, and necrosis in addi- 
tion to the surrounding capsule and periadrenal soft tissue 
in areas that are grossly suspicious for invasion. Although 
occasional adrenocortical tumors may be relatively small 
(<50 g), the utility of frozen sections to distinguish 
adenomas from small cortical carcinomas is negligible. 
This distinction should be based on the assessment of 
permanent sections. However, frozen section examina- 
tion is of value in determining the status of the margins 
intraoperatively. 

Although there are no strict guidelines at present, it may 
be of value to collect fresh tumor samples in culture medium 
for possible cytogenetic studies and to obtain snap-frozen 
samples for possible molecular studies. 

Features that need to be reported in cases of adrenocor- 
tical carcinoma are summarized in Box 3-4.'7! Pathologic 
stage (Table 3-5) is reported in the final diagnosis only 
in cases that fulfill criteria for malignancy. In cases diag- 
nosed as “atypical adenoma” or “adrenocortical neoplasm 
of uncertain malignant potential” a comment with pertinent 
negatives that are usually included in the assessment of 
malignancy will address the relevant findings. 


Box 3-4 @ REPORTING OF ADRENAL GLAND 
SPECIMENS (MODIFIED FROM CAP CHECKLIST) 


Macroscopic 

Manner received (unfixed versus fixed) 

Procedure type (biopsy, partial or total adrenalectomy) 

Specimen laterality 

Specimen integrity (intact versus fragmented) 

Specimen size (dimensions in centimeters) and weight 
(grams) 

Tumor size (greatest dimension and additional dimensions 
in centimeters) 

Tumor descriptors (cut surface appearance with associated 
hemorrhage, necrosis, presence of invasion into capsule, 
vessels or extra-adrenal tissue) 


Microscopic 

Histologic type (adrenocortical carcinoma) 

Microscopic tumor extension (capsular invasion, extension 
into extra-adrenal soft tissue, extension into adjacent 
viscera) 

Margin status (Involved versus uninvolved with distance 
from nearest margin) 

Lymphatic/sinusoidal or venous involvement (small and 
large vessel) 

Perineural invasion 

Lymph node involvement (size of tumor deposit with or 
without extranodal extension) 

Treatment effect (when applicable) 

Pathologic stage (pTNM) 
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Epidemiology and Etiopathogenesis 


Pheochromocytomas (intra-adrenal paragangliomas) occur 
in 0.005% to 0.1% of unselected autopsies.'”'” Their aver- 
age annual incidence is eight per million person-years in the 
United States, and they are responsible for <0.1% of cases of 
hypertension. The term “pheochromocytoma” was introduced 
by Pick in 1912 to express the fact that the tumors darkened 
after exposure to potassium dichromate.'*:'” By definition 
pheochromocytomas are tumors of the adrenal medulla, but 
tumors of similar morphology and function may also develop 
in a variety of extra-adrenal sites. While the extra-adrenal 
tumors have also been referred to as pheochromocytomas by 
some authors, the preferred terminology for such neoplasms 
is extra-adrenal paraganglioma with a designation indicating 
their sympathetic (predominantly abdominal) or parasympa- 
thetic (predominantly head and neck) origins. 

Most pheochromocytomas are sporadic (nonfamilial). 
Although previous studies indicated that approximately 10% 
of tumors were familial, more recent analyses indicate that 
a considerably higher proportion have a heritable basis. This 
distinction is of particular importance since most familial 
tumors are bilateral and multicentric while most sporadic 
tumors are unilateral. Familial pheochromocytomas are 
found in 30% to 50% of patients with types 2A and 2B 
MEN syndromes, 10% to 20% of patients with von Hippel- 
Lindau (VHL) disease, and 1% to 5% of patients with von 
Recklinghausen disease.'” Familial paragangliomas and 
pheochromocytomas also occur in patients with germ line 
mutations of succinate dehydrogenase (SDH) subunits B, C, 
D, and AF2,!’"!”” the kinesin family member 1B (K/F1B), 
transmembrane protein 127 (TMEM127), and the MYC- 
associated factor X (MAX) genes.!77*177 

Although generations of medical students have been 
taught the 10% rule of pheochromocytomas (10% heredi- 
tary, 10% bilateral/multifocal, 10% pediatric, 10% extra- 
adrenal, 10% malignant), recent studies indicate that this 
axiom represents an oversimplification. In fact, up to 25% of 
these tumors are heritable and significantly more than 10% 
occur in the pediatric population and are multifocal, consis- 
tent with a familial origin. Moreover, considerably <10% of 
adrenal primaries are malignant while more than 10% of ret- 
roperitoneal paragangliomas pursue an aggressive course." 

Germ line mutations in the RET protooncogene, a mem- 
ber of the transmembrane protein kinase family, are respon- 
sible for MEN 2A and 2B. The mutations, which typically 
affect exons 10, 11, and 16, convert this protooncogene into 
a dominant activating oncogene. From the description of 
an 18-year-old woman with bilateral adrenal tumors (origi- 
nally diagnosed as sarcoma and angiosarcoma) in 1886 and 
the presence of a germ line mutation of the RET gene in 
her living relatives, Neumann et al.'” have concluded that 
this represents the first description of pheochromocytoma 
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in a patient with MEN 2. Approximately 10% of sporadic 
pheochromocytomas harbor somatic mutations involving 
the RET protooncogene.'*° LOH surrounding the neurofi- 
bromatosis I (NFY) locus and loss of neurofibromin expres- 
sion are evident in pheochromocytomas from patients with 
neurofibromatosis.'*' These findings support the view that 
mutations of the neurofibromin gene contribute to the 
development of pheochromocytomas in patients with von 
Recklinghausen disease. The VHL gene, located on chro- 
mosome 3p25, encodes a protein that operates by a mecha- 
nism involving transcription elongation that is mediated by 
interactions with elongation factors B and C. This raises the 
possibility that the disease may control oncogenes that are 
regulated at the level of elongation, such as c-myc, n-myc, 
l-myc, and c-fos.'** In VHL-associated pheochromocyto- 
mas, the VHL protein often harbors a missense mutation at 
codon 238. In VHL families without pheochromocytomas, 
the mutation is more often a nonsense codon, frame shift, 
or deletion.'* 

Nearly 25% of patients with apparent sporadic pheochro- 
mocytomas have germ line mutations of one of the pheo- 
chromocytoma susceptibility genes including VHL (45%), 
RET gene (19.6%), SDHD (16.6%), and SDHB (18.2%).'™4 
Interestingly, only 32% of patients who were positive for 
mutations had multifocal tumors, while 35% of patients 
presented after the age of 30 and 17% after the age of 40. 
Most true sporadic pheochromocytomas become clinically 
evident in the fourth to fifth decades. 

Gill et al.'% have reported the utility of immunohisto- 
chemical staining with the antibody to the SDHB protein for 
triaging genetic testing of SDHB, SDHC, and SDHD in para- 
ganglioma—pheochromocytoma syndromes from a series 
of cases with known SDH gene mutation status. According 
to these authors, all 12 SDH-mutated tumors in their series 
showed weak diffuse positive or negative staining with this 
antibody while 9 of 10 tumors with known mutations of 
VHL, RET, and NF1 and 34 of 36 tumors without germ line 
mutations showed strong positive staining. There was weak 
positive or negative staining of one tumor with VHZ muta- 
tion and two tumors without germ line mutation. They rea- 
soned that since SDH mutations are virtually always germ 
line, this immunohistochemical method is useful for screen- 
ing cases for SDH gene mutations. 

Comparative genomic hybridization studies have revealed 
that gene copy alterations in pheochromocytomas and para- 
gangliomas are common. Loss of Ip has been observed in 
more than 80% of these tumors.'** The minimal region of 
loss was lcen-p31. Additional losses have involved 3q22- 
q25, 11p, 3p13-p14, 4q, 2q, and 11q22-23 while gains 
were found on 19p, 19q, 17q24-qter, 11cen-q13, and 16p. 
Dannenberg et al.'*° reported similar findings and have fur- 
ther demonstrated that losses of 6q and 17p may play an 
important role in the progression to malignancy. Petri et al.'*” 
have demonstrated that although there is frequent loss of 
the TP53 locus on 17p, the TP53 gene does not appear to 
play a major role in pheochromocytoma tumorigenesis. 


Interestingly, deletions of 1p have also been demonstrated 
in NBs and adrenal cortical carcinomas, as discussed in the 
respective sections. 


Clinical Features 


The clinical manifestations of pheochromocytoma are pro- 
tean but are generally dominated by signs and symptoms 
of catecholamine hypersecretion or by the complications of 
hypertension. Common symptoms include headache, dia- 
phoresis, palpitations, anxiety, chest pain, and weight loss. 
In most series, hypertension, which may be sustained or par- 
oxysmal, is the most common sign at presentation. A few 
patients with pheochromocytomas are normotensive, and a 
few may even be hypotensive. Tachycardia, postural hypo- 
tension, and a hypermetabolic state are also common. Most 
pheochromocytomas produce a combination of norepineph- 
rine and epinephrine, with a predominance of norepinephrine. 
Tumors producing epinephrine exclusively may be associated 
with hypotension. The diagnosis depends on the presence of 
increased urinary and plasma levels of catecholamines and 
their metabolites. Preoperative localization of pheochromo- 
cytomas is accomplished most effectively with CT or MRI. 

The syndrome of pseudopheochromocytoma is more of 
clinical dilemma rather than one for the surgical pathologist. 
The term “pseudopheochromocytoma” was used initially for 
patients with paroxysmal hypertension without biochemi- 
cal or imaging evidence of pheochromocytoma. However, 
the syndrome has been expanded to include conditions with 
symptoms of excess catecholamines, without the presence 
of pheochromocytoma or adrenal lesions that may mimic 
pheochromocytoma on imaging studies. Underlying condi- 
tions include hyperadrenergic essential hypertension, anxi- 
ety disorder, obstructive sleep apnea, toxic effect of drugs, 
and metabolic disorders. '**!% 

Pheochromocytomas are rare in childhood, but they are 
more likely to be bilateral and multicentric than those in 
adults.'°° Approximately 90% of affected children have sus- 
tained hypertension; polydipsia, polyuria, and convulsions 
are considerably more common than in adults. In addition, 
the rate of metachronous or synchronous extra-adrenal 
paragangliomas is considerably higher in children than in 
adults.'” The high rate of bilaterality and multicentricity 
suggests that many of these cases may represent unrecog- 
nized examples of familial pheochromocytomas. 


Gross Features 


In patients with nonfamilial forms of pheochromocy- 
toma, the right adrenal gland is somewhat more commonly 
involved than the left. Most nonfamilial tumors are unilat- 
eral and sharply circumscribed solid masses with fibrous 
pseudocapsules. In most surgical series, the tumors measure 
3 to 5 cm with tumor weights ranging from 70 to 150 g.” 
Size and weight variations may be considerable, and even 
very small tumors can be associated with signs and symp- 
toms of catecholamine hypersecretion. The tumors vary 
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FIGURE 3-22 E Pheochromocytoma. This tumor has a gray-white fleshy appearance and hemorrhage (A). This histologic section 
shows an alveolar pattern of growth of eosinophilic neoplastic cells and a capillary-rich framework producing the characteristic “Zellballen” 


appearance (B). 


in color from gray-white to pink-tan, with foci of conges- 
tion (Fig. 3-22A). Larger tumors can contain central areas 
of fibrosis. Occasionally, very large pheochromocytomas 
undergo cystic degeneration, and they may be difficult to 
distinguish from nonneoplastic adrenal cysts. Familial pheo- 
chromocytomas are typically bilateral and multicentric and 
the adjacent medulla may appear hyperplastic grossly.!?!' 
Large tumor masses in patients with familial pheochromo- 
cytomas most likely develop as a result of the confluence of 
multiple small tumor nodules. 


Microscopic Features and Ancillary Studies 


The tumors are composed of intermediate to large polygonal 
cells that may be arranged in alveolar, trabecular, or solid 
patterns. Most pheochromocytomas exhibit admixtures of 
these growth patterns. In tumors with alveolar arrangements, 
the groups of tumor cells are surrounded by a capillary- 
rich framework that results in a characteristic “Zellballen” 
appearance (Fig. 3-21B). In some instances, the capillary 
channels are prominent enough to result in an angiomatous 
appearance. Some tumor cells may be arranged in a glandu- 
lar or acinar pattern. In patients with familial pheochromo- 
cytomas, the adjacent medulla is often hyperplastic. 

The cytoplasm may be acidophilic, amphophilic, or 
basophilic and typically has a finely granular texture. A few 
pheochromocytomas contain abundant cytoplasmic vacu- 
oles resulting from lipid degeneration, and tumors with 
these features may be particularly difficult to distinguish 
from adrenocortical tumors. In some instances, however, 
extensive cytoplasmic vacuolation is the result of fixation 
artifacts. Rarely, pheochromocytomas may show oncocytic 
features.'* Periodic acid—Schiff—positive eosinophilic glob- 
ules are evident in a high proportion of cases (Fig. 3-23). The 
globules are most likely derived from the membrane compo- 
nents of secretory granules. 


Although most pheochromocytomas are composed of 
intermediate- to large-sized polygonal cells, some tumors 
may be composed of spindle cells (Fig. 3-24) or relatively 
small cells resembling pheochromoblasts. Moreover, very 
large cells resembling ganglion cells may also be evident in 
some cases. In addition to chromaffin cells, pheochromocy- 
tomas also contain a population of sustentacular cells, which 
are difficult to recognize in hematoxylin and eosin-stained 
preparations; however, they can be demonstrated selectively 
with antibodies to S-100 protein. Typically, the sustentacular 
cells are present at the peripheries of the cell nests. 

The nuclei are round to ovoid, with coarsely clumped 
chromatin and a single prominent nucleolus. Nuclear 
pseudoinclusions may be particularly prominent in some 
tumors. However, similar pseudoinclusions can also be a 
feature of adrenal cortical tumors. Nuclear pleomorphism 
and hyperchromasia may be particularly prominent in some 


> 


ma. The cytoplasm in this 
case is amphophilic and cytoplasmic globules are present centrally. 
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Figure 3-24 EŒ Pheochromocytoma. Neoplastic spindle cells 
were prominent in this tumor. 


pheochromocytomas, but this finding does not correlate 
with malignant behavior. Benign pheochromocytomas can 
occasionally contain mitotic figures. Thirty-five percent of 
benign tumors compared with 65% of malignant tumors con- 
tain mitoses.” Mitotic counts in the malignant tumors were 
slightly higher (3 per 30 HPF) than in the benign tumors, 
(1 per 30 HPF); however, these differences were not statisti- 
cally significant. 

Large tumors frequently display areas of hemorrhage and 
may show necrosis. The stroma may have areas of myxoid 
change with foci of lymphocytic infiltration. Amyloid depos- 
its may be present in a small number of cases.'”° Foci of cap- 
sular and venous invasion may also be evident, but these 
features do not correlate with malignant behavior. Brown fat 
has been reported in the retroperitoneum surrounding pheo- 
chromocytomas; however, this change is not specific.” 

The diagnosis of an adrenal tumor as a pheochromocytoma 
depends in part on the ability to determine its catecholamine 


A 


content by biochemical or histochemical methods. The chro- 
maffin reaction is an insensitive procedure for the demon- 
stration of catecholamines since some tumors that contain 
catecholamines, as determined by biochemical analysis, have 
shown negative results with the standard chromaffin reaction. 
Catecholamine-synthesizing enzymes, including tyrosine 
hydroxylase, dopamine beta-hydroxylase, and phenyletha- 
nolamine N-methyltransferase, may also be demonstrated 
in pheochromocytomas using immunohistochemical pro- 
cedures.*' These tumors are usually positive for vimentin 
and neurofilament proteins and negative for cytokeratins. 
However, focal cytokeratin immunoreactivity (AE1/AE3 
and CK1) can occur.'** Pheochromocytomas exhibit positiv- 
ity for chromogranin proteins (Fig. 3-25A) and synaptophy- 
sin (Box 3-5), but synaptophysin is also present in a large 
proportion of adrenal cortical tumors. The S-100 protein is 
restricted to the sustentacular cells and is particularly evi- 
dent in those areas with a “Zellballen” pattern (Fig. 3-25B). 
Pheochromocytomas may also contain a large array of regu- 
latory peptide products, including leu- and met-enkephalin, 
endorphins, ACTH, somatostatin, and calcitonin.**! The 
overproduction of these substances may give rise, in rare 
cases, to syndromes of hormone excess, including Cushing 
syndrome.” Ultrastructurally, pheochromocytomas contain 
variable numbers of membrane-bound, dense-core, secretory- 
type granules.2°!?% 


Criteria for Malignancy in Pheochromocytoma 
and Outcome 


The diagnosis of malignancy in pheochromocytomas is par- 
ticularly challenging. Differences in criteria have resulted in 
considerable variation in the reported rates of malignancy, 
which have ranged from 2.4% to 14%. With the exception 
of the presence of lymph node or distant metastases, there 
are no absolute criteria that distinguish benign from malig- 
nant pheochromocytomas. Capsular invasion, even when it 


Antibodies to the S-100 protein stain the sustentacular cells at the peripheries of the tumor cells in this section from another tumor (B). 
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Box 3-5 @ IMMUNOPROFILE 


OF PHEOCHROMOCYTOMA 


Positive 
Synaptophysin 
Chromogranin 


Negative 
Melan-A 
Calretinin 
Inhibin 

SF-1 
Cytokeratin 


is extensive, is a poor predictor of metastatic behavior, while 
the absence of invasion does not preclude the development 
of metastases. In a study of adrenal and extra-adrenal sym- 
pathoadrenal paragangliomas, Linnoila et al.” noted the fol- 
lowing features more frequently in malignant tumors: male 
predominance, extra-adrenal location, greater tumor weight 
(mean of 383 g for malignant vs. 73 g for benign tumors), 
confluent tumor necrosis, and the presence of vascular inva- 
sion and/or extensive local invasion. Hyaline globules were 
found in 59% of benign and 32% of malignant tumors. 
Logistic regression analysis of 16 nonhistologic and his- 
tologic parameters revealed that four were most predictive 
of malignancy: extra-adrenal location, coarse nodularity of 
the primary tumor, confluent tumor necrosis, and absence 
of cytoplasmic hyaline globules. Although most malignant 
tumors had two or three of these features, most benign 
tumors had only one or none. 

In a series from the Armed Forces Institute of Pathology, 
Thompson!** was unable to demonstrate a statistically sig- 
nificant difference in weight between benign and malig- 
nant pheochromocytomas. He developed a system for the 
assessment of malignancy of pheochromocytomas (PASS, 
Pheochromocytomas of the Adrenal gland Scaled Score). In 
this system, each of the following features was assigned a 
value of 1: vascular invasion, capsular invasion, profound 
nuclear pleomorphism, and hyperchromasia. Features 
assigned a value of 2 included periadrenal adipose tissue 
invasion, large tumor nests or diffuse growth pattern, focal 
or confluent necrosis, high cellularity, tumor cell spindling, 
cellular monotony, mitotic figures in excess of 3 per 10 
HPFs, and atypical mitoses. Among 50 tumors that were 
classified as histologically malignant and assigned a PASS = 
4, metastases developed in 33 patients, while 17 were free of 
metastases. Patients with tumors with a PASS < 3 remained 
free of metastases with a mean follow-up of 14.1 years. 

Wu et al.? reviewed the reproducibility of the PASS on 
a cohort of 57 pheochromocytomas from a single institution 
as assessed by five pathologists with at least 10 years’ expe- 
rience in endocrine pathology from different institutions. 
The authors found significant interobserver and intraob- 
server disagreement in assignment of PASS as a result of 
variable interpretations of the histologic parameters. They 
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concluded that PASS required further refinement and vali- 
dation and concluded that it could not be used for clinical 
prognostication.*™ 

Other parameters have also been used for the assessment 
of malignancy. Clarke et al.” reported that a cutoff value of 
MIB-1 of >3% yielded a specificity of 100% and a sensitiv- 
ity of 50% for predicting malignancy. The value of S-100 
protein for the distinction of benign and malignant pheo- 
chromocytomas has been controversial. In general, those 
tumors with a “Zellballen” pattern show well-developed 
staining in the sustentacular cells present at the peripheries 
of cell nests. Tumors with a large nesting or diffuse growth 
pattern, on the other hand, may be devoid of S-100-positive 
sustentacular cells. Most malignant pheochromocytomas 
demonstrated a decreased number of sustentacular cells, 
which undoubtedly reflects the diffuse growth pattern so 
commonly seen in these tumors. It should be noted that 
abundant S-100 positivity may be present in sustentacular 
cells in metastatic tumors, particularly those with a well- 
developed “Zellballen’” pattern. 

Cytomorphometry has been used in the differential diag- 
nosis of malignant and benign pheochromocytomas. In a 
study reported by Lewis,” benign pheochromocytomas 
had a mode corresponding to a diploid (2n) DNA content 
and a wide range of values with nuclei measuring up to 40n. 
Malignant pheochromocytomas, on the other hand, had a 
hyperdiploid or triploid mode with a smaller range of values. 

Recent interest has been focused on the vascular patterns 
of pheochromocytomas.”*’ Malignant tumors have an abnor- 
mal vascular architecture with an irregular pattern of large 
vascular volumes flattened between tumor nodules. Benign 
pheochromocytomas exhibit a regular pattern of short, 
straight capillaries.” Correlative molecular studies have 
shown an increase of EPAS1 (a hypoxia-inducible transcrip- 
tion factor), VEGF (vascular endothelial growth factor), and 
ETB (endothelin receptor, type B) of 4.5-, 3.5-, and 10-fold, 
respectively, in malignant versus benign pheochromocyto- 
mas. Expression of stromal tenascin has also been suggested 
as a marker to distinguish benign (predominantly negative) 
from malignant (strongly positive) pheochromocytomas.*” 

Gene expression profiling studies of malignant pheo- 
chromocytomas have revealed consistent downregulation 
of genes involved in catecholamine metabolism (fumaryl 
acetate hydrolase and monoamine oxidase), peptide process- 
ing (glutaminyl-peptide cyclotransferase, peptidylglycine 
alpha-amidating monooxygenase), and hormone secretion 
(synaptophysin-like 3 and secretogranin IT) while expression 
of astrotactin and plexin C1, which are involved in cell adhe- 
sion, are also downregulated in these tumors.?!°!! 

Malignant pheochromocytomas are generally slowly 
growing neoplasms with 5-year survival rates in the range 
of 40% to 50%. The most common sites of metastatic spread 
include lymph nodes, bone, and liver. In assessing lymph 
node metastases, all efforts should be directed to distinguish- 
ing concurrent extra-adrenal paragangliomas that compress 
adjacent lymph nodes from true nodal metastases. 
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Figure 3-26 E Composite tumor (pheochromocytoma and 
ganglioneuroma) of the adrenal medulla. The pheochromocytoma 
component at the top of the field demonstrates a typical “Zellballen” 
arrangement while the ganglioneuroma contains mature ganglion 
cells in a Schwannian-dominant stroma (lower field). 


Composite Pheochromocytoma 


The terms composite pheochromocytoma and compound 
tumor of the adrenal medulla have been used to describe 
tumors containing pheochromocytoma together with foci 
of NB, ganglioneuroblastoma, ganglioneuroma, or malig- 
nant peripheral nerve sheath tumor (Fig. 3-26). Composite 
pheochromocytomas are rare tumors that make up <3% of 
sympathoadrenal pheochromocytomas. Rarely, they may be 
associated with neurofibromatosis type P! or MEN 2A or 
MEN 2B. The predominant component of the tumor is usu- 
ally pheochromocytoma. The possibility of differentiation 
along more than one cell line has been supported by studies 
that have shown that normal and neoplastic chromaffin cells 
are capable of differentiation into ganglion cells under the 
influence of nerve growth factor.?! It has been suggested that 
the sustentacular cells of pheochromocytomas could serve 
as the progenitors of the malignant peripheral nerve sheath 
component of some composite pheochromocytomas. Many 


A 


of the reported composite tumors have been associated with 
signs and symptoms typical of pheochromocytomas, and 
some have been found in the context of the Verner-Morrison 
syndrome of watery diarrhea and hypokalemia. A unique 
case of composite pheochromocytoma consisting of typical 
pheochromocytoma and neuroendocrine carcinoma has been 
reported.”!4 


Adrenal Medullary Hyperplasia 


Although adrenal medullary hyperplasia is classified as a 
nonneoplastic lesion, it is discussed in this section because 
of its relationship to pheochromocytoma. Diffuse and 
nodular hyperplasia of the medulla has been recognized 
only relatively recently as a distinct clinical and pathologic 
entity'8!5 (Fig. 3-27). This change has been reported in 
association with MEN 2A and MEN 2B and von Hippel- 
Lindau disease and has also been noted in a few patients 
without an apparent familial syndrome. Of the four patients 
with nonfamilial hyperplasia reported by Rudy et al.,7!° 
three underwent unilateral adrenalectomy, and one had 
bilateral adrenalectomy. In this series, the hyperplasia was 
diffuse in three cases and diffuse and nodular in the fourth. 
The diagnosis of adrenal medullary hyperplasia should be 
made with considerable care. In the context of cortical atro- 
phy, for example, the medulla may appear more prominent 
than usual. The diagnosis of medullary hyperplasia should 
be made only on the basis of increased medullary volume, 
as determined morphometrically. Other findings suggestive 
of medullary hyperplasia include the presence of medul- 
lary tissue in both alar regions of the gland and extension of 
the medulla into the tail region. Naeye’!’ has suggested that 
adrenal medullary hyperplasia may also be found in victims 
of the sudden infant death syndrome. 

Molecular studies of microdissected nodules in patients 
with MEN 2A-associated nodular adrenal medullary hyper- 
plasia have shown that this disorder is a multifocal mono- 
clonal proliferation. Interestingly, the same X chromosome 
is inactivated in individual nodules from the same patient. 
This observation has suggested an early clonal expansion of 
adrenal medullary precursors in these patients.?!® 


Figure 3-27 E Diffuse and nodular medullary hyperplasia. Adrenal gland resected from a patient with type 2A multiple endocrine 
neoplasm (MEN 2A). In addition to the diffuse hyperplasia of the medulla, there is focal nodule formation (A). Histologic section from 
another MEN 2A patient highlights the nodular (arrow) and diffuse hyperplasia (B). 
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Handling of Adrenalectomy Specimens for 
Pheochromocytoma 


Pheochromocytomas should be handled in a manner simi- 
lar to cortical neoplasms. Historically, suspected cases were 
fixed in chromate-containing fixatives to demonstrate a 
positive chromaffin reaction, but in the era of immunohis- 
tochemistry all cases are fixed in formalin. For cases of sus- 
pected adrenal medullary hyperplasia, periadrenal fat should 
be dissected from the glands and sections should be prepared 
at 0.2- to 0.3-cm intervals. These glands should be submitted 
in their entireties for histologic examination and evaluation 
of medullary volume. 


Neuroblastic Tumors 
Epidemiology and Etiopathogenesis 


Neuroblastic tumors are embryonic neoplasms of the adrenal 
medulla and sympathetic nervous system. They are the sec- 
ond most common solid neoplasms in childhood after cen- 
tral nervous system tumors and account for approximately 
15% of all neoplasms in children 4 years and younger (mean 
age, 21 months).?!° Neuroblastoma (NB), ganglioneuroblas- 
toma, and ganglioneuroma constitute the main categories of 
neuroblastic tumors and are conceptually regarded as a con- 
tinuum from the most immature to the most mature forms 
of neuroblastic tumors. The epidemiologic and clinical char- 
acteristics of these tumors are largely related to NB, which 
account for the majority of these neoplasms. 

The vast majority occur sporadically, although cases of 
familial NB have been recorded.” Activating mutations of 
the anaplastic lymphoma kinase (ALK) oncogene have been 
shown to account for the vast majority of familial NBs.”! NBs 
may be found in association with the Beckwith-Wiedemann 
syndrome, von Recklinghausen disease, Hirschsprung dis- 
ease, opsoclonus/myoclonus, heterochromia iridis, watery 
diarrhea, or Cushing syndrome.*? Children with sporadic or 
familial NB in conjunction with congenital central hypoven- 
tilation syndrome, Hirschsprung disease, or both have been 
demonstrated to have loss of function mutations in the 
homeobox gene PHOX2B.”' Rare examples of NBs have 
been reported in adults.” 

The ratio of adrenal to extra-adrenal primary sites is 
approximately 1.5 to 2:1. The remaining tumors may develop 
within the head and neck region, mediastinum or pelvic area. 
In approximately 10% of cases, it may not possible to estab- 
lish the primary site of origin with certainty. 

The concept of in situ NBs was introduced by Beckwith 
and Perrin’ for neuroblastomatous foci confined to the 
adrenals of newborns. At the microscopic level, these lesions 
are composed of clusters of immature neuroblasts ranging in 
size from 0.7 to 9.5 mm, with frequent foci of cystic change. 
In different autopsy series, the incidence ranges from 0.4% 
to 2.5%, which is considerably higher than that of clini- 
cally apparent NBs, suggesting that a substantial number 
of cases undergo spontaneous regression, degeneration, or 
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maturation. The distinction between in situ NBs and nodules 
of normal developing neuroblasts is difficult. Neuroblastic 
nodules measuring more than 2 mm in diameter are con- 
sidered to represent latent NBs by Bolande,”°® while 
smaller lesions are thought to be an integral part of adrenal 
morphogenesis.” 


Clinical Features 


NBs/neuroblastic tumors most often come to clinical atten- 
tion as abdominal masses. Increased levels of catechol- 
amines and their metabolites are found in most patients 
with NBs; however, hypertension is present only rarely in 
affected patients and cardiogenic shock has been reported.” 
In advanced-stage tumors, increased catecholamine and 
a positive bone marrow biopsy are employed rather than a 
biopsy of the primary tumor. Mass screening with analysis 
of urinary catecholamines in infants has been successful 
in detecting occult cases of NB both in Japan and in other 
countries,” but subsequent studies have reported little 
or no survival advantage from detection of occult cases in 
infants”? 


Classification of Neuroblastic Tumors 


Several classification and grading schemes have been 
proposed to correlate morphologic features with progno- 
sis.’ 6 The current system is a consensus classification 
developed by member pathologists of the International 
Neuroblastoma Pathology Committee (INPC) by apply- 
ing criteria from previous schemes to neuroblastic tumors 
from the Children’s Cancer Group registry. The resulting 
classification system is largely based on the Shimada clas- 
sification, but also draws from traditional and other recent 
schemes.” It is though to be the most reproducible, bio- 
logically relevant, and prognostically significant system. 
Neuroblastic tumors are divided into four major categories 
(Table 3-6): NB (Schwannian stroma—poor neuroblastic 
tumor); ganglioneuroblastoma, intermixed (Schwannian 
stroma-rich neuroblastic tumor); ganglioneuroblastoma 
(Schwannian stroma—dominant neuroblastic tumor); and 
the composite neuroblastic tumor ganglioneuroma, nodular 
(composite Schwannian stroma-—rich/stroma—dominant and 
stroma—poor neuroblastic tumor).”*’ 


Neuroblastoma (Schwannian Stroma—poor 
Neuroblastic Tumor) 


Gross and Microscopic Features 


NBs vary in size from those measuring <1 cm in diameter to 
those that may fill the abdomen or thorax. They are gener- 
ally soft and white to gray-pink*4*° (Fig. 3-28). However, 
more differentiated tumors may have a yellow-tan appear- 
ance and firmer consistency similar to ganglioneuroma. 
Larger tumors tend to undergo hemorrhage, necrosis, cyst 
formation, and calcification (Fig. 3-29), but these features 
can also be seen in small tumors. Adrenal primaries tend to 
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Table 3-6 m CLASSIFICATION OF NEUROBLASTIC TUMORS (NTs) 


International Neuroblastoma Pathology Committee (Shimada et al.?37) 


Neuroblastoma (Schwannian stroma-poor NT) 
Undifferentiated 
Poorly differentiated 
Differentiating 


Ganglioneuroblastoma, intermixed (Schwannian 
stroma-rich NT) 


Ganglioneuroma (Schwannian stroma—dominant NT) 
Maturing 


Mature 


Ganglioneuroblastoma, nodular composite 
Schwannian stroma-rich/stroma—dominant and 
stroma-poor neuroblastic tumor) 


Absence of neuropil and <5% ganglionic differentiation* 
Neuropil present and <5% ganglionic differentiation 
Neuropil present, >5% ganglionic differentiation and <50% 
Schwannian stroma 


Nests of neuroblasts and neuropil intermixed with ganglion cells 
and >50% Schwannian stroma 


Mature ganglion cells and Schwannian stroma with intermixed 

individual neuroblasts without formation of nests of 

neuroblasts 

Mature ganglion cells and Schwannian stroma without 
neuroblasts 

Composite tumor of neuroblastoma nodule in a background of 

either ganglioneuroblastoma, intermixed, or ganglioneuroma 


Shimada? Joshi2*6 
Stroma-poor NT Neuroblastoma 
Undifferentiated Undifferentiated 
Poorly differentiated 
Differentiated Differentiated 


Stromaz-rich NT, intermixed 
Stroma-rich NT, well differentiated 
Ganglioneuroma 

Stroma-rich NT, nodular 


Ganglioneuroblastoma (intermixed) 
Ganglioneuroblastoma (borderline) 
Ganglioneuroma 
Ganglioneuroblastoma (nodular) 


*Ganglionic differentiation refers to synchronous enlargement of nucleus and cell body such that the diameter of the cell is twice that of the nucleus. 


grow toward the midline and can extend to the contralateral 
side. Large, right-sided tumors can invade the liver directly, 
whereas large, left-sided tumors can invade the pancreatic 
parenchyma. 

NBs are composed of sheets of small cells with hyperchro- 
matic nuclei and scanty cytoplasm. A lobular appearance is 


FIGURE 3-28 E Neuroblastoma. The tumor has a lobular gray- 
pink fleshy appearance. 


common because of the presence of thin fibrovascular septa 
between groups of tumor cells (Figs. 3-30A and 3-31A). 
Most cases have a finely fibrillary matrix (neuropil) between 
the tumor cells that corresponds to unmyelinated axons at the 
ultrastructural level“ (Figs. 3-31 and 3-32). Homer-Wright 
pseudorosettes are found in about 30% of cases.” They are 
characterized by one to two layers of neuroblasts arranged 
around a central space filled with neuropil (Fig. 3-31B). In 
the presence of hemorrhage, pseudorosettes or nests of cells 
may assume a papillary configuration resembling Schiller- 
Duvall bodies of yolk sac tumors. 

In the INPC classification,”’ undifferentiated NB lacks 
neuropil and is characterized by the presence of small- to 
medium-sized cells with scant cytoplasm and indistinct 
cytoplasmic borders. Nuclei are round to ovoid with “salt 
and pepper” chromatin and indistinct nucleoli (Fig. 3-30B). 
Areas of coagulative necrosis should not be mistaken for neu- 
ropil. Occasional cells with vesicular nuclei and prominent 
nucleoli apparently differentiating toward immature ganglion 
cells provide a useful clue for distinguishing these tumors 
from other small blue cell tumors, including Ewing sarcoma/ 
primitive neuroectodermal tumor (EWS/PNET), rhabdo- 
myosarcoma, desmoplastic small round cell tumor, blaste- 
mal Wilms tumor, and lymphoma. Immunohistochemical 
and molecular genetic studies are critical in arriving at the 
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FIGURE 


3-29 M NB with attached kidney, resected after 
chemotherapy. The upper part of the lesion contains calcification 
(white stippling) and is composed of viable poorly differentiated 
tumor. The lower part of the tumor including, involvement of the 
renal hilum, is fibrous and myxoid corresponding to chemotherapy 
response with maturation. 
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correct diagnosis (Table 3-7). Most neoplastic cells are 
undifferentiated, but cells with evidence of ganglionic dif- 
ferentiation (differentiating neuroblasts) are usually present. 
By definition, differentiating neuroblasts account for <5% of 
the neoplastic cells.” Differentiation is manifested by syn- 
chronous differentiation of the nucleus (enlarged eccentric 
nucleus, vesicular chromatin, single prominent nucleolus) 
and cytoplasm that may appear eosinophilic or amphophilic. 
A cell diameter at least twice the nuclear diameter is required 
for categorization of ganglionic differentiation. 

Poorly differentiated NB contains a neuropil background 
(Fig. 3-31) and <5% of neuroblasts with evidence of gan- 
glionic differentiation. Pleomorphic cells containing large 
nuclei and prominent nucleoli may be present. These pleo- 
morphic cells may be present and may occasionally have 
rhabdoid features. These cells should not be mistaken for 
cells showing ganglionic differentiation when grading NBs. 
Both undifferentiated and poorly differentiated NBs contain 
no or minimal ganglioneuromatous stroma. 

Differentiating NBs are characterized by the presence of 
more than 5% of cells showing evidence of ganglionic differ- 
entiation. Usually, differentiating NBs contain more abundant 
neuropil than poorly differentiated NBs although the most 
critical feature of the differentiating tumors is the proportion 
of differentiating neuroblasts (Fig. 3-32). Both ganglionic 
differentiation and Schwannian stromal formation, which are 
frequently present at the periphery of the tumor, may be prom- 
inent in differentiating NBs. However, these features should 
comprise <50% of the tumor in contrast to ganglioneuroblas- 
toma, intermixed in which they represent more than 50% 
of the tumor.”*’ Also, the distinction of differentiating NBs 
from nodular ganglioneuroblastoma may at times be difficult. 
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lower field (A). There is absence of neuropil and the coagulative necrosis should not be mistaken for neuropil. At high power mitoses and 
karyorrhexis are evident as well as occasional cells with prominent nucleoli suggesting an attempt at ganglionic differentiation (B). 
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nstrates a typical lobular appearance and an area of coagulative necrosis in the 
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FIGURE 


on low power (A). The pseudorosette is composed of two layers of neuroblasts arranged around central neuropil (B). 


Generally, the transitional zone between the NB and ganglio- 
neuroblastomatous component is poorly defined in the dif- 
ferentiating NBs. Although not included in the International 
Neuroblastoma Pathology Committee classification, it should 
be noted that a large cell variant of neuroblastoma with an 
aggressive clinical behavior has been reported.”*! 


Ancillary Studies 


Ultrastructural examination of NBs has been largely sup- 
planted by immunohistochemistry and molecular genetic 
studies since undifferentiated tumors that pose the most 
difficulty on H&E sections cannot be reliably distinguished 
from other small blue cell tumors by electron microscopy. 
NBs most commonly express neurofilament pro- 
teins,“ which may be helpful in making the distinction 
from other small round blue cell tumors of infancy and 


childhood. However, neurofilament proteins can be pres- 
ent in other small round blue cell tumors, including rhab- 
domyosarcoma”” (Table 3-6). The most commonly utilized 
antibodies are chromogranin and synaptophysin, which dem- 
onstrate positive cytoplasmic staining*’*4**” (Fig. 3-33A). 
Neuron-specific enolase (NSE) is present in virtually all NB 
but is also positive in an array of nonneuroblastic tumors.’ 
Additional immunohistochemical markers that have been 
reported to be positive in NBs include CD57 (leu-7),?° 
ganglioside D2,?°! protein gene product 9.5% (Fig. 3-33B), 
microtubule (MAP-1, MAP-2), and tau proteins,”°? and 
certain epitopes detectable with NB-directed monoclo- 
nal antibodies, including UJ13A?3?* and HSAN 1.2.7526 
Antibodies to neural adhesion molecule (NCAM/CDS56), a 
family of cell surface glycoproteins involved in direct cell to 
cell adhesion, frequently react with NB.” NB84, a mono- 
clonal antibody raised against NB cells, recognizes a large 
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IMMUNOHISTOCHEMICAL AND GENETIC MARKERS OF SMALL BLUE CELL TUMORS 


INTHE DIFFERENTIAL DIAGNOSIS OF NEUROBLASTOMA 


Neoplasm Immunohistochemical Profile 


Genetics 


Neuroblastoma 
DES-, MYOG-, CD45+ 


EWS/PNET CD99+, SYN-/+, CHR-, DES-, 
MYOG-, CD45-, CK- 
Rhabdomyosarcoma DES+, MYOG+, CD99-/+, SYN-/+, 


CK-, WF-1- 


Wilms (blastemal) 


CHR+, SYN+, CD99—, WI-1-, CK-, 


WT-1+ (both N- and C-terminal abs), 


CK+/—, DES+/—, CD99-/+, CHR-, 


SYN-, MYOG- 

Desmoplastic small 
round cell tumor 
CD45- 

Lymphoblastic 


DES+, CK+, WT1+ (C-terminal ab), 
CD99-/+, SYN-/+, MYOG-, CHR-, 


CD45+ (rare cases negative), TdT+, 


lymphoma 
SYN- 


CD99-/+, CK-, MYOG-=, CHR-, 


MYCN amplification, 1p deletion and 17q gain 
(these are not specific for neuroblastoma but 
have prognostic significance) 

t(11;22)(q24;q12) EWS/FLI-1 

t(21;22)(q22;q12) EWS/ERG 

t(7;22)(p22:q12) EWS/ETV1 

t(17;22)(q12;q12) EWS/E1AF 


Alveolar RMS 

t(2;13)(q35-37;q14) PAX3/FKHR 

t(1;13)(p36;q14) PAX7/FKHR 

PAX3/FKHR translocation reported to be 
associated with decreased survival 
compared to no translocation or PAX7/FKHR 
translocation 

MYCN amplification may be associated with a 
worse prognosis 

Embryonal 

Allelic loss of 1115; extra 2, 8, 13 

Rearrangement of 2, 8, 13, 1p11-1q11, 12q13 

No consistent cytogenetic/genetic abnormality in 
sporadic cases 


t(11;22)(p13;q12) EWS/WT1 


T-cell B, y, immunoglobulin heavy or light chain 
gene rearrangement 


CHR, chromogranin; CK, cytokeratin; DES, desmin; EVWS/PNET, Ewing sarcoma/primitive neuroectodermal tumor; MYOG, myogenin; SYN, synapto- 


physin; TdT, terminal deoxynucleotidyl transferase; WT, Wilms tumor. 


proportion of NBs as well as EWS/PNETs and desmoplastic 
small round cell tumors.* Additionally, cases of rhabdo- 
myosarcomas, lymphoblastic lymphomas rhabdomyosarco- 
mas, and small-cell osteosarcomas have been reported to be 
positive for NB84.**' Immunohistochemical staining with 
S-100 protein highlights cells in the Schwannian stroma, 
but the neuroblasts are negative. Membranous staining with 
CD99 (detectable by monoclonal antibodies HBA-71, 12E7, 
and O13), which is typically seen in the EWS/PNET tumor 
group of tumors, is negative in NBs.” 

A number of genetic and molecular features are seen in 
NBs including MYCN gene amplification, chromosome 
Ip loss, and 17q gain. These parameters along with other 
genetic features are discussed in detail in “Prognosis of 
Neuroblastic Tumors.” 


Spread and Metastases 


NBs can metastasize widely through both lymphatic and vas- 
cular routes. Common sites of spread include bone marrow 
(78%), bone (69%), lymph nodes (42%), and liver (20%) 
while pulmonary and brain metastases are uncommon. 
Pulmonary metastases have been reported in 3% of cases 


in one study, and are usually associated with widespread 
disease and unfavorable histology with poor outcome.”® In 
these cases, the metastatic nodules tend to be small when 
present, NB is considered less likely to be the primary than 
other small round cell tumors such as EWS/PNET. Skin 
(2%) and testes (2%) may also be involved. Spontaneous 
regression is well documented. Increasing evidence suggests 
that genetic prerequisites that are involved include an intact 
chromosome | short arm, lack of MYCN amplification, and 
near triploidy.*’ 


Differential Diagnosis 


Distinguishing undifferentiated and poorly differentiated 
NBs from other small round blue cell tumors (Table 3-7) 
is challenging on routine hematoxylin and eosin—stained 
sections, particularly in small biopsy samples. Distinction 
from EWS/PNET poses the most difficulty. Both tumors 
can have a lobular growth pattern and may contain Homer- 
Wright pseudorosettes, but EWS/PNET lacks the neuropil 
background of poorly differentiated NB. While both tumors 
react with antibodies to NSE and synaptophysin, EWS/ 
PNET is almost never positive for chromogranin and CD99 
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Figure 3-33 E NB, poorly differentiated. Immunohistochemical stains show positive granular cytoplasmic staining of neuroblasts 


with chromogranin (A) and protein gene product 9.5 (B). 


is positive in EWS/PNET but negative in NB. Molecular 
genetic studies are useful adjuncts in making the distinc- 
tion (Table 3-7), but Burchill et al.” reported that 2 of 12 
cases of typical NB had the EWS/FLI-1 fusion transcript 
by reverse transcriptase-PCR. In the cases described, serum 
and urinary markers as well as histologic features were 
consistent with NB. Immunohistochemical staining of both 
tumors revealed positivity for NB84, PGP 9.5, and NSE, 
while CD99 was negative. These observations underscore 
the need for detailed clinical—pathologic correlation in 
arriving at a diagnosis, particularly when faced with lim- 
ited material in biopsy samples. Since NB is much more 
common than EWS/PNET in children under 5 years of 
age, and a significant proportion have metastatic disease, 
NB needs to be excluded when the latter diagnosis is being 
considered.” 

Rhabdomyosarcoma, particularly embryonal rhabdo- 
myosarcoma, occurs in the same age group as NB, but the 
presence of rhabdomyoblasts and strap cells usually helps 
in making the distinction. However, as discussed, undiffer- 
entiated or poorly differentiated NB may have pleomorphic 
cells with rhabdoid features, but immunohistochemistry 
will permit their specific identification. Similarly, Wilms 
tumor occurs in the same age group. Triphasic or epithe- 
lial tumors pose less of a diagnostic problem, but blastemal 
Wilms is more likely to be mistaken for NB on routine sec- 
tions. This is complicated by small biopsy specimens from 


large tumors that may show extension between the adrenal 
gland and kidney. Serum and urinary catecholamines and 
immunohistochemistry (Table 3-7) are key elements the 
distinction. 

Lymphoblastic lymphoma is another important differ- 
ential diagnosis when there is bulky disease of the retro- 
peritoneum. The distinction is particularly difficult on small 
biopsies in which neuropil is not apparent. CD45 can be 
negative in a subset of these tumors,” so stains for terminal 
deoxynucleotidyl transferase and T and B lymphocytes may 
be necessary for conclusive exclusion. 

A less common newly recognized entity first described 
in childhood is the Nuclear protein in testis (NUT) midline 
carcinoma. These tumors most commonly occur in the head 
and neck and mediastinum, but have also been reported in 
the abdomen. A large proportion of cases have features of 
poorly differentiated carcinoma including small-cell mor- 
phology, but some may have more pleomorphic cells or even 
squamous differentiation. French et al.”°’ have characterized 
the specific translocation t(15,19) resulting in the BRD4- 
NUT oncogene seen in these tumors and their group have 
developed an immunohistochemical antibody for paraffin- 
embedded sections.” This antibody along with positive 
keratin and CD34 staining will assist in distinguishing NUT 
midline carcinoma from NB. 

Metastatic medulloblastoma may enter the differential 
diagnosis since medulloblastoma can metastasize to bone as 
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is the case with NB and NB may rarely metastasize to the 
brain. Since there is wide histologic and immunohistochemi- 
cal overlap with these tumors, correlation with imaging stud- 
ies for a primary site and biochemistry will assist in making 
the distinction. It should be noted that the peak incidence 
of medulloblastomas is in a slightly older age group of 5 to 
10 years compared to NB (under 5 years). In terms of bone 
lesions, small-cell osteogenic sarcoma may enter the differ- 
ential diagnosis, but again these tumors will follow the age 
range for conventional osteogenic sarcomas, have imaging 
characteristics of osteogenic sarcoma, and contain osteoid 
with lack of expression of neuroendocrine markers and 
absence of the typical biochemical findings. 

As noted earlier, NB rarely occurs in older patients. 
Therefore, the possibility of metastatic carcinoid tumor or 
small-cell carcinoma will enter the differential diagnosis. 
In such instances the lack of neuropil will be helpful, but 
immunohistochemical staining for keratin and thyroid tran- 
scription factor 1 (TTF-1) in the case of lung primaries will 
be useful in the immunohistochemical workup. 


Ganglioneuroblastoma, Intermixed (Schwannian 
Stroma-—rich Neuroblastic Tumor) 


Ganglioneuroblastoma, intermixed, can have the same gross 
appearance as NB or ganglioneuroma depending on the extent 
of differentiation. It is characterized by the random intermin- 
gling of neuroblastic nests within the stroma-rich (ganglio- 
neuromatous) component (Fig. 3-34). The neuroblasts are 
usually in various stages of differentiation, with differen- 
tiating neuroblasts and ganglion cells present within ample 
neuropil. Ganglioneuroblastoma, intermixed, is distinguished 
from ganglioneuroblastoma, nodular, by the lack of a mac- 
roscopically distinct hemorrhagic nodule, and, microscopi- 
cally, the interface between the stroma-poor and stroma-rich 
components is infiltrative rather than pushing (see section 
on “Ganglioneuroblastoma, nodular”). Differentiation from 


PE Lhe SCS EF BS 
Figure 3-34 E Ganglioneuroblastoma, intermixed. The nests 
of neuroblasts and ganglion cells within neuropil are intermixed 
with the spindle-cell Schwannian stroma. 
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differentiating NB is based on the extent of the ganglioneuro- 
matous component, which should exceed 50% of the total vol- 
ume in microscopic field(s) from representative section(s) of 
the tumor in the case of ganglioneuroblastoma, intermixed.”*’ 


Ganglioneuroma (Schwannian Stroma—dominant 
Neuroblastic Tumor) 


In the INPC classification ganglioneuroma is subdivided into 
ganglioneuroma, maturing, and ganglioneuroma, mature, 
subtypes.”*”**8 The ganglioneuroma, maturing, subtype was 
previously classified as “stroma-rich, well differentiated neu- 
roblastic tumor” in the original Shimada classification.?* It 
is composed predominantly of ganglioneuromatous stroma 
with a minor component of scattered, evenly or unevenly 
distributed collections of differentiating neuroblasts and/or 
maturing ganglion cells in addition to fully mature ganglion 
cells. Separation from ganglioneuroblastoma, intermixed, is 
based on the fact that neuroblastomatous foci do not form 
distinct microscopic nests, but instead individual neuroblasts 
merge into the ganglioneuromatous stroma. 
Ganglioneuroma, mature, subtype is the prototypic gan- 
glioneuroma of traditional classification schemes. Less than 
30% of these tumors occur in the adrenal glands where they 
are most commonly asymptomatic.” The remainder 
develop in the posterior compartment of the mediastinum, 
retroperitoneum, and other sites. Rarely, they are associated 
with hypertension, watery diarrhea, and hypokalemia, or mas- 
culinization.2” Adrenal ganglioneuromas (ganglioneuroma, 
mature, subtype) are generally smaller than those in the medi- 
astinum or retroperitoneum. They are sharply circumscribed 
but do not have a true capsule (Fig. 3-35). The cut surface is 
gray to tan, and the consistency varies from soft and gelati- 
nous to firm and whorled with an appearance similar to that of 
a leiomyoma. Microscopically, ganglioneuroma, mature, sub- 
type contains varying numbers of mature ganglion cells and 
Schwann cells together with variable amounts of collagen’? 


Figure 3-35 W Ganglioneuroma. The tumor is sharply cir- 
cumscribed but not encapsulated and has a myxoid glistening cut 
surface because of the rich Schwann cell stroma. 
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neuroblasts (arrow) are present among the mature ganglion cells (B, high power) resulting in the case being classified as the maturing sub- 


type of ganglioneuroma. 


(Fig. 3-36). Multinucleated ganglion cells may also be 
present. The Schwann cells and collagen are often arranged 
in interlacing bundles. Ganglion cells may be distributed dif- 
fusely throughout the tumor or arranged in small clusters. 
Fully mature ganglion cells are usually surrounded by satel- 
lite cells. Complete maturation requires the absence of neu- 
roblasts. Because lymphocytes are commonly present within 
these tumors, immunohistochemical staining with CD45 may 
be necessary in some instances to exclude the presence of a 
neuroblastic component. Surgical excision of ganglioneu- 
roma, mature and maturing, subtypes is usually curative. Very 
rarely, ganglioneuroma, mature, may transform into malignant 
peripheral nerve sheath tumors either spontaneously or fol- 
lowing irradiation for NB or ganglioneuroblastoma.* 


Ganglioneuroblastoma, Nodular (Composite 
Schwannian Stroma-Rich/Stroma-dominant, 
and Stroma-poor Neuroblastic Tumor) 


While the other neuroblastic tumors form a spectrum 
from the immature stroma-poor NB to the mature stroma- 
dominant ganglioneuroma, ganglioneuroblastoma, nodu- 
lar (ganglioneuroblastoma, nodular) is a composite tumor 
composed of a NB component in a background of ganglio- 
neuroma or ganglioneuroblastoma, intermixed. The classic 
adrenal ganglioneuroblastoma, nodular, is characterized 
by a gross appearance in which a frequently hemorrhagic 
and soft NB nodule (Fig. 3-37) is present in a firm tan-pink 
whorled or myxomatous cut surface of ganglioneuroma or 


Figure 3-37 E Ganglioneuroblastoma, nodular (composite Schwannian stroma-trich/stroma—dominant and stroma—poor neuroblastic 
tumor). This very large tumor is predominantly ganglioneuroma (A) with a fibrous and myxoid cut surface, but a small white hemorrhagic 
nodule of NB (arrow and inset) was found. The circumscribed interface between ganglioneuroma (GN) and neuroblastoma (NB, inset) is 


demonstrated on this histologic section (B). 
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ganglioneuroblastoma, intermixed. Microscopically, there is 
usually an abrupt demarcation of the neuroblastic (stroma- 
poor) component from the stroma-rich (ganglioneuroblas- 
toma, intermixed) or stroma-dominant (ganglioneuroma) 
component. Neuroblastic nodules therefore have pushing 
borders and may even have a fibrous pseudocapsule. These 
nodules probably develop as a consequence of evolution of 
one or more aggressive clones within the tumor. This may be 
the result of newly acquired genetic alterations or the persis- 
tence of two or more genetically and biologically different 
clones.”*’ 

The stroma-rich/stroma-dominant component is often 
located at the periphery, but there is variability in the proportion 
of both components. Rarely the neuroblastic component may 
dominate the tumor with the stroma-rich/stroma-dominant 
component being in the periphery. Therefore, examination of 
the periphery of these tumors is essential for accurate classi- 
fication since the category of ganglioneuroblastoma, nodular, 
is grouped in the unfavorable histology group of neuroblastic 
tumors. The proportion of stroma-rich/stroma-dominant tis- 
sue is not critical for the diagnosis. In variants of ganglioneu- 
roblastoma nodular there are multiple nodules of NB rather 
than a single nodule, or ganglioneuroblastoma, intermixed, 
or ganglioneuroma constitute the primary adrenal tumor, but 
NB is found in sections from a metastatic site, either regional 
lymph node or distant metastasis. 


Problematic Cases of Histologic Classification 
and Grading 


Categorization of a neuroblastic tumor may be hampered by 
small biopsies in which clear distinction of NB, ganglioneu- 
roblastoma, nodular, ganglioneuroblastoma, intermixed, and 
ganglioneuroma is not possible. In these instances, a diagno- 
sis of “neuroblastic tumor unclassifiable” is appropriate, and 
a multidisciplinary discussion is useful in determining the 
adequacy of the biopsy. A diagnosis of NB, not otherwise 
specified (NOS), is appropriate where there is poor qual- 
ity of sections, extensive hemorrhage, cystic degeneration, 
necrosis, crush artifact, and/or diffuse calcification. These 
factors may also impede evaluation of neuroblastic differ- 
entiation, mitosis karyorrhexis index (MKI), and mitotic 
rate. Similarly, a diagnosis of ganglioneuroblastoma, NOS, 
is appropriate when extensive calcification may obscure a 
stroma-poor nodule.”*’ 


Posttherapeutic Specimens 


Posttherapeutic resection specimens are difficult to assess. 
There is usually extensive fibrosis and calcification of speci- 
mens from the abdomen or retroperitoneum complicating the 
assessment of margins and the presence of residual tumor. 
Microscopically, necrotic foci, fibrosis, chronic inflamma- 
tion, and calcification are commonly seen. In residual foci of 
tumor, both features of differentiation and nuclear enlarge- 
ment may be seen. Grading of these tumors with stratification 
into favorable or unfavorable categories is not performed.”*” 
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Specimen Handling and Reporting 


The surgical pathologist must be involved in evaluating 
neuroblastic tumors immediately after surgery so that 
fresh tissue can be appropriately submitted for genetic and 
biologic markers. Specimen dimensions and weight are 
obtained. Although accurate staging of NBs can be quite 
problematic by gross examination, careful examination of 
all specimens for the presence or absence of a capsule and 
the adequacy of margins is mandatory. Specimens should 
be sectioned at 1.0- to 1.5-cm intervals such that the rela- 
tionships to identifiable structures are maintained. Fresh 
tissue should be submitted in culture medium for conven- 
tional cytogenetics. Snap-frozen fresh tissue and touch/ 
squash preparations (fixed in acetone or ethanol for 10 to 
15 minutes) should be prepared for molecular genetic stud- 
ies. Tissue fixed in glutaraldehyde is used for ultrastructural 
examination as needed. Representative sections from all 
heterogeneous-appearing areas must be submitted making 
sure to demonstrate the interface between these areas (to 
facilitate making the diagnosis of nodular ganglioneuroblas- 
toma), as well as those areas between tumor and recogniz- 
able normal/anatomic structures. In resection specimens, 
sections to delineate margins are necessary. A photograph, 
photocopy, or diagram clearly demonstrating a map of the 
sections should be made.”*’*” By and large the same general 
principle of submitting one section for each centimeter of 
tumor applies. Using this principle, along with the sections 
as indicated above, the number of sections is usually twice 
the maximum dimension of the tumor. 

The final report should include the following information: 
site and weight, a specific and descriptive diagnosis based on 
the INPC classification, and the stage. The results of DNA 
content studies and the presence or absence of MYCN ampli- 
fication when available, together with cytogenetic results, 
should be included in the final report. 


Prognosis of Neuroblastic Tumors 


The prognosis of neuroblastic tumors is determined by 
multiple variables, including age, histopathologic features, 
and stage, as well as series molecular, genetic, and biologic 
parameters. Age at diagnosis is an important independent 
prognostic factor with outcome being inversely related to 
age at diagnosis.”“ In the past, the cutoff age of 1 year was 
used for risk stratification for treatment purposes compared 
to the 18 months used in the age-linked histologic grading. 
However, more recently the latter cutoff is now also being 
used for treatment stratification based on the International 
Neuroblastoma Risk Group (INRG) Classification System in 
an effort to standardize risk stratification across the globe.” 

MKI was adopted by the INPC over mitotic rate expressed 
per 10 HPFs and presence of calcification for stratifying 
NBs into different prognostic groups.” The number of 
cells undergoing mitosis and karyorrhexis is expressed as 
a percentage of 5,000 cells and is assessed on high power 
(400X). MKI is designated as low, intermediate, or high 
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Table 3-8 AGE-LINKED PROGNOSTIC 
EFFECTS USINGTHE INPC CLASSIFICATION 
Age (Y) 
Grade MKI <1.5 15-5 >5 
Undifferentiated Low o o o 
Intermediate o o o 
High o o o 
Poorly differentiated Low e o o 
Intermediate e o o 
High 9 o o 
Differentiating Low ° ° o 
Intermediate e o o 
High o o o 


e, good (favorable histology); o, poor (unfavorable histology). 
MKI, mitosis karyorrhexis index. 


based on counts of <100 (<2%), 100 to 200 (2% to 4%), 
and more than 200 (>4%) mitotic and karyorrhectic cells, 
respectively.” There may be variability in the MKI in dif- 
ferent fields of a section or variability between sections, but 
the overall MKI is the average determined by assessing all 


sections. Of note, MKI should not be assessed adjacent to 
areas of necrosis. MKI can be assessed in metastatic tumor. 
The MKI along with age and grade of NB is used to assign 
NBs into favorable and unfavorable histology categories sim- 
ilar to the original Shimada classification**>?” (Table 3-8). 
Ganglioneuroblastoma, intermixed, and ganglioneuroma 
were classified as favorable histology neuroblastic tumors 
(100% 5-year overall survival). Ganglioneuroblastoma, 
nodular, is classified as unfavorable histology (5-year overall 
survival 59.1%),””° but Umehara et al.?” reported prognos- 
tic subsets of ganglioneuroblastoma, nodular, based on the 
grade of the NB component using the same parameters as 
those used for favorable and unfavorable histology in NBs. 
Favorable and unfavorable subsets, with 5-year overall sur- 
vivals of 95% and 40.7%, respectively, were defined. 

Tumor stage is clearly an important independent prog- 
nostic indicator. The staging system employed based 
on the degree of surgical resection is the International 
Neuroblastoma Staging System (INSS)’?” (Table 3-9). 
Stage 4S is considered essentially localized disease (stage 1 
and 2) with limited distant spread. In the revised INSS, stage 
AS is restricted to patients younger than | year of age. There 


Table 3-9 INTERNATIONAL NEUROBLASTOMA STAGING SYSTEM AND INTERNATIONAL NEURO- 
BLASTOMA RISK GROUP STAGING SYSTEM 

INSS Stage Definition 

1 Localized tumor with gross excision, with or without microscopic residual disease, representative ipsilateral 


lymph nodes negative for tumor microscopically. 

Nodes attached to and removed with primary tumor may be positive; includes grossly resectable tumor 

arising in the midline from pelvic ganglia or organ of Zuckerkandl 
2A Localized tumor with incomplete gross excision; representative ipsilateral nonadherent lymph nodes negative 
for tumor microscopically. 

Includes a midline tumor that extends beyond one side of the vertebral column and is unresectable 

2B Localized tumor with or without gross excision, with ipsilateral nonadherent lymph nodes positive for tumor. 
Enlarged contralateral lymph nodes must be negative microscopically. 

Includes a midline tumor that extends beyond one side of the vertebral column, is unresectable with positive 
ipsilateral lymph node involvement (on side of extension); a thoracic tumor with malignant unilateral pleural 
effusion 

3 Unresectable unilateral tumor infiltrating across the midline with or without regional lymph node involvement; 
or localized unilateral tumor with contralateral regional lymph node involvement. 

Includes midline tumor with bilateral extension by infiltration (unresectable) or by lymph node involvement; a 
tumor of any size with malignant ascites or peritoneal implants 


4 Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin, and/or other 
organs (except as defined for 4S) 
4S Localized primary tumor (stage 1, 2A, or 2B) with dissemination limited to skin, liver, and/or bone marrow 


(limited to infants <1 y of age) 
Marrow involvement should be minimal (<10% of total nucleated cells identified as malignant on biopsy or 
aspirate); more extensive involvement should be considered stage 4 


INRGSS Stage Description 

L1 Localized tumor without involvement of image-defined vital structures and confined to one body compartment 
L2 Locoregional tumor with one or more image-defined risk factors 

M Distant metastatic disease (except stage MS) 

MS* Metastatic disease in children younger than 18 mo with metastases confined to skin, liver, and/or bone marrow 


INSS, International Neuroblastoma Staging System; INRGSS, International Neuroblastoma Risk Group Staging System. 

Note: Midline is defined as the vertebral column with the vertebral body margin as the limit. 

Multifocal primary tumors should be staged according to the greatest extent of disease and followed by the subscript letter M in the INSS. Similarly, 
multifocal primary tumors in the INRG staging are staged on the basis of the greatest extent of disease. 

*MS in the INRGSS uses an upper limit of 18 mo compared to that of 12 mo in the INSS. 
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Table 3-10 
PARAMETERS 


Prognostic Feature 


PROGNOSTIC SUBSETS OF NEUROBLASTOMA BASED ON CLINICAL AND BIOLOGIC 


Low-Risk Tumors Intermediate-Risk Tumors High-Risk Tumors 


Age zily >1y 1-5 y 

Stage (INSS) 1, 24S sa 3}, A 

MYCN 1 copy 1 copy Amplified 

DNA ploidy Hyperdiploid or near Near diploid or near Near diploid or near 
triploid tetraploid tetraploid 

TRK-A/C expression High Low or absent Low or absent 

TRK- B expression Truncated Low or absent High 

Chromosome 1p36 Usually intact Usually intact Usually intact 

Chromosome 17q gain Absent Present High 


Clinical course Very good response Initial response to therapy, Rapidly progressive disease 


to therapy with 5-y 
survival 95% 


but tends to relapse with 
5-y survival 40%-50% 


in spite of therapy with 
5-y survival 25% 


Modified from Brodeur GM. Neuroblastoma: biological insights into a clinical enigma. Nat Rev 2003;3:203-216. 


are no significant differences in 4-year overall survival rates 
for patients younger than | year of age with stage 1, 2A, 2B, 
3, or 4S disease (98.5% survival) compared to those with 
stage 4 disease (73.1% survival).**° Similarly, patients older 
than 1 year of age with stage 1, 2A, 2B, or 3 disease had 
similar 4-year overall survival rates as compared to stage 4 
disease in which survival was 48.5%. 

Although stage 4 cases are usually associated with pro- 
gressive disease and a poor outcome, a series of chronic NB 
in children diagnosed with stage 4 NB in the first decade 
of life who had metastatic disease for 5 years or more from 
diagnosis has been reported.”*! This represents indolent or 
smoldering NB, a concept traditionally restricted to ado- 
lescents and adults. This phenomenon may be attributed to 
the expanding repertoire of chemotherapeutic modalities, 
including biologic therapies currently in use. 

It is important to recognize that the INRG has devised a 
staging system (Table 3-9) that is based on imaging rather 
than the extent of surgical resection.**!* This system allows 
for preoperative treatment stratification and facilitates 
comparison of clinical trials across continents. However, it 
should be pointed out that in a report from the INRG that 
demonstrated age, stage, MYCN status, and time from diag- 
nosis to first relapse were predictive of overall survival,?*" it 
was the INSS stage that was used rather than the INRG stag- 
ing system. This reflects the retrospective nature of the study 
in which the database relies on the INSS. 

Serum ferritin and lactate dehydrogenase have been 
reported to be useful prognostic markers for NB at diagnosis, 
but lack sensitivity and specificity to monitor disease activ- 
ity?” Serum levels of NSE also reflect the extent of disease 
in patients with these tumors.’ NSE, chromogranin (CGA), 
and GD2 (tumor-associated ganglioside) are more specific 
but not as sensitive as serum ferritin levels. Catecholamine 
levels have also been associated with prognosis.7*° 

Several genetic and molecular features have been proposed 
as prognostic indicators in neuroblastic tumors, including 


MYCN amplification, chromosome 1p deletion, ploidy, and 
gains in chromosome 17q (Table 3-10). MCYN amplification 
(>10 copies of MYCN) and ploidy are used routinely for strat- 
ification into treatment groups by the Children’s Oncology 
Group. MYCN amplification is present in 25% to 30% of 
NBs with advanced-stage disease and is associated with 
rapid tumor progression and poor clinical outcome.***?* 
MYCN amplification is used as a determinant in applying 
more aggressive treatment protocols for stage 1, 2, and 4S 
tumors (similar to more advanced-stage tumors). MYCN 
amplification is present almost exclusively in NBs, with a 
smaller proportion in the ganglioneuroblastoma, nodular, 
category and none in ganglioneuroblastoma, intermixed, and 
ganglioneuroma categories.”*’ Five-year overall survival rates 
for favorable histology-nonamplified and -amplified tumors 
are 99% and 50%, respectively, while corresponding survival 
rates for unfavorable histology-nonamplified and -amplified 
tumors are 47.1% and 23%, respectively. Kobayashi et al.78° 
have suggested that the presence of enlarged and prominent 
nucleoli may be indicative of the presence of MYCN amplifi- 
cation in NB. Detection of MYCN amplification can be deter- 
mined with Southern blot, FISH, and PCR. Recently, Thorner 
et al.*? employed chromogenic in situ hybridization (CISH) 
for determining MYCN gene copy number in routine tissue 
sections. Therefore, although routinely determined on fro- 
zen tissue for biology protocol, MYCN amplification can be 
assessed from paraffin-embedded tissue by FISH and CISH. 

Ambros et al.™™ attempted to correlate morphologic fea- 
tures of NB, independent of age, that might be able to iden- 
tify clinically favorable and unfavorable groups. Prominent 
nucleoli in undifferentiated and poorly differentiated neuro- 
blasts, cellularity, and nuclear size appeared to have clini- 
cal significance. Indeed, more recently Suganuma et al.” 
assessed discordance between histology and MYCN amplifi- 
cation (phenotype—genotype discordance) and identified two 
prognostic groups; presence of prominent nucleoli (bull’s eye) 
and tumors with “conventional” stippled (salt-and-pepper) 
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chromatin pattern. The group with prominent nucleoli had 
a worse prognosis. Immunohistochemical expression of the 
N-myc protein was positive in the majority of the former 
tumors while it was negative in the latter cases. By and large 
the morphology and biology of NBs are rather homogenous. 
However, Sano et al.”*! reported a case in a 12-month-old 
child in which two distinct histologic and biologic clones 
could be distinguished. Both were poorly differentiated but 
one clone had a high MKI falling into an unfavorable his- 
tology and the other a low MKI and so favorable histology. 
MYCN was amplified in the unfavorable histology clone and 
nonamplified in the favorable histology clone. Metastasis to 
lymph nodes contained the former clone. Because of these 
findings they considered this to be a composite NB. 

Deletion of chromosome Ip is the most characteristic 
cytogenetic abnormality described in NBs and has been 
identified in 30% to 50% of cases.”? While there has been 
some debate as to whether Ip loss has independent prog- 
nostic value, multivariate analysis has suggested that it is 
associated with decreased event-free survival.” FISH stud- 
ies have demonstrated unbalanced translocations involving 
17q resulting in gains of 17g. Such unbalanced partial 17q 
gain is significantly associated with well-established indi- 
cators of clinical risk in NB including advanced stage and 
older age.*” Interestingly, MYCN amplification almost never 
occurs in the absence of 1p allele loss, 17q gain, or both. 

Tumors with a near-diploid karyotype have a poorer prog- 
nosis than those with a hyperdiploid or triploid karyotype,” 
and MYCN amplification is significantly more frequent in 
diploid than in hyperdiploid tumors.’ Furthermore, chro- 
mosome Ip abnormalities, double minutes, and heteroge- 
nous staining regions appear to be more prevalent in diploid 
and tetraploid tumors (Table 3-10). 

Other prognostic factors reported are expression of the 
tyrosine kinase receptor for nerve growth factor (7rk-A, 
Trk-B and Trk-C) (Table 3-10), CD44 expression, HRAS 
expression, LOH of chromosome 11q23 (in stage 4 NBs), 
deletions in the region of chromosome 9p22-p24, LOH of 
chromosome 14q, expression of the multidrug resistance 
genes (MDRI) or multidrug resistance-related protein 
(MRP), telomerase activity, partial genetic instability, bc/-2 
overexpression, and allelic imbalances of chromosomes 8q, 
10p11, 12q24, and 19q13 and proliferation index assessed 
by immunohistochemical staining.” >” 

High level of apoptosis and low AKT activation has been 
reported in mass screening NBs that tend to be associated 
with spontaneous regression compared to classical NBs.*° 
Interestingly, the expression of CD133, a cell membrane 
protein thought to be a marker of cancer stem cells in a host 
of tumors, has recently been shown by the same group to 
be present in just over a third of primary NBs and associ- 
ated with poor outcome via chemoresistance mediated by 
the AKT pathway. Upregulation of carbonic anhydrase 
IX (hypoxia induced enzyme) and hypoxia-inducible factor 
1a have been reported to be associated with adverse clinico- 
pathologic and biologic factors by Dungwa et al. using 


immunohistochemistry and enzyme-linked immunosorbent 
assays. This group also reported that upregulation of the 
endothelial marker LY VE-1 assessed by the density of immu- 
nohistochemical staining and presence of lymphatic invasion 
correlated with adverse prognostic factors and lymph node 
metastases.*””° They further performed expression analysis of 
the lymphangiogenic growth factors VEGF-C and VEGF-D, 
and their receptor VEGFR-3 in prechemotherapy biopsies 
from NBs and ganglioneuroblastomas. Increased VEGFR-3 
lymphovascular receptor (VEGFR-3v), VEGF-D expres- 
sion, and lymphovascular invasion were found to be associ- 
ated with advanced clinical stage and high-risk disease.*° 
Duijkers et al reported that high ALK immunohisto- 
chemical expression in NBs and ganglioneuroblastomas was 
a predictor of poor outcome. 

Gene expression profiling has been used to predict behavior 
of NBs. Wei et al. identified 19 predictor genes and reported 
that they were able to predict outcome for 98% of patients 
in the study group of 56 pretreatment samples from 49 NB 
patients. Along with MYCN, four other genes were upregu- 
lated in the poor outcome group (DLK/, PRSS3, ARC, and 
SLIT3) and three were downregulated (CNRI, ROBO2, and 
BTBD3). DLK1, a transmembrane protein that activates the 
Notch signaling pathway and has also been shown to inhibit 
neuronal differentiation, ranked highest. Of interest, one of the 
genes ARH], which is downregulated in the poor prognostic 
group, maps to chromosome 1p31 and lies in close proximity 
to the 1p36 region, deletion of which has already been noted 
to be associated with high-risk NBs. Asgharzadeh et al.*™ 
determined the gene expression profiles of 102 untreated pri- 
mary NBs without MYCN amplification but having metastatic 
disease. In their analysis, two subgroups of patients older than 
12 months that were classified as having clinically high-risk 
disease were identified: a low-risk group with progression- 
free survival (PFS) of 79% and a high-risk group with a PFS 
of 16%. The TrkB gene was found to be the most statistically 
significant gene associated with risk of progression in the 55 
candidate genes studied. More recently the role of miRNA 
profiling for risk stratification has been investigated. In the 
largest study, DePreter et al. reported that this modality 
enabled stratification into high- and low-risk groups from both 
fresh and archived paraffin-embedded tissue. 

In summary, a wide array of biologic parameters, using 
different modalities, has been reported to influence progno- 
sis of NBs. However, the INRG Biology Committee Biology 
Committee has recommended obligatory testing of MYCN, 
11q23, and ploidy status for stratification into risk treatment 
groups. 


OTHER ADRENAL MASS LESIONS 


Abdominal imaging techniques, including ultrasound, CT, and 
MRI, have markedly increased the rate of discovery of non- 
functional adrenal mass lesions.*°° °° These are detected in 
approximately 5% of normal individuals and their prevalence 
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Figure 3-38 E Algorithm for immunohistochemical workup of adrenal tumor on needle biopsy. AML, angiomyolipoma; CAL, 
calretinin; CHR, chromogranin; CK, cytokeratin; DES, desmin; GCDFP, gross cystic disease fluid protein; HEP, hepatocyte; INH, inhibin; 
LySarc, leiomyosarcoma; MMG, mammoglobin; pCEA, polyclonal CEA; RCC, renal cell carcinoma; SMA, smooth muscle actin; THY, 


thyroglobulin; TTF-1, thyroid transcrption factor 1. 


increases with the age of the population. As a group, these 
lesions have been referred to as “incidentalomas,” and the dif- 
ferential diagnosis includes primary cortical and medullary 
tumors, metastatic tumors, cysts, myelolipomas, hyperplastic 
lesions, lymphoid hyperplasia, and periadrenal lesions. 
According to the National Institutes of Health guide- 
lines," all patients with incidentalomas should have a 
l-mg dexamethasone suppression test and measurement of 
plasma-free metanephrines. In addition, patients with hyper- 
tension should have measurements of serum potassium and 
plasma aldosterone concentration—plasma renin activity ratio. 
The presence of a homogeneous mass with a low attenuation 
(<10 Hounsfield units) on CT most likely represents a lipid- 
rich cortical adenoma. Patients with tumors >6 cm are usually 
treated surgically while those with tumors <4 cm are generally 
monitored. In those patients with tumors between 4 and 6 cm, 
criteria in addition to size should be considered in the decision 
to monitor or proceed with adrenalectomy. In general, surgery 
should be considered for all patients with functional adreno- 
cortical tumors that are clinically apparent while all patients 
with pheochromocytomas should undergo surgery. 
Fine-needle aspiration and core biopsies are important 
approaches for the differential diagnosis of adrenal mass 
lesions.’ These procedures are typically performed when 
adrenal lesions cannot be accurately characterized by ultra- 
sound, CT, MR imaging, or PET scanning. However, the 
interpretation of adrenal masses on core needle or fine- 
needle aspiration biopsies is a challenging process. Foremost 
is the determination of whether the biopsy is lesional. In the 
case of benign adrenocortical nodules or tumors, the lesions 


may recapitulate the histology of the normal adrenal cortex, 
precluding a definite diagnosis of neoplasia on biopsy. As 
noted in the section on adrenocortical carcinomas, the diag- 
nosis of adrenocortical carcinoma can be difficult even in 
resection specimens. Because of variability in a neoplasm, 
the area sampled may only permit a diagnosis of “consistent 
with adrenocortical neoplasm,” to be rendered. Clearly, in 
functional tumors, differentiation from metastatic tumors or 
extension from adjacent structures is aided by biochemical 
studies when available. However, since the majority of cases 
that are encountered on needle biopsies are nonfunctional 
tumors, an immunohistochemical approach (Fig. 3-38) is 
most often used in conjunction with the cytologic features. 


Metastatic Tumors 


Secondary involvement of the adrenal glands has been reported 
in almost 30% of patients with metastatic tumors of diverse 
sites of origin” with bilateral involvement in almost 50%. The 
high frequency of adrenal metastases is most likely a result 
of the rich sinusoidal blood supply of the glands. In most 
series, from the United States and Western Europe, primary 
tumors of the lung and breast account for 60% of the cases 
(Box 3-6), followed by primary tumors of the gastrointesti- 
nal tract, kidney, and skin (melanoma). Adrenocortical carci- 
nomas may also occasionally metastasize to the contralateral 
adrenal gland. Patients with metastatic carcinoma involving 
one or both adrenal glands may be seen initially for diagnosis 
of an intra-adrenal mass, and in such cases the primary tumor 
may not be evident until the time of autopsy. Although adrenal 
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Box 3-6 © METASTATIC CARCINOMAS TO 


ADRENAL GLAND (AUTOPSY BASED STUDIES)* 


Cases with Metastases 


Carcinoma to Adrenal Gland (%) 
Breast 53.9 

Lung 35:6) 

Kidney 24 

Stomach 21 

Pancreas 19 

Ovary T7 

Colon 14.4 


*From Lack EE. AFIP Atlas of Tumor Pathology (series 4). Tumors 
of the Adrenal Gland and Extra-Adrenal Paraganglia. Washington, 
DC: American Registry of Pathology and Armed Forces Institute of 
Pathology; 2007. 


insufficiency is uncommon in patients with adrenal metasta- 
sis, mild degrees of insufficiency may be evident.’ Clinically 
significant adrenal hemorrhage secondary to adrenal metasta- 
ses may occur but is rare.’ Metastases to cortical adenomas?! 
and pheochromocytomas>"* have been reported. 

Grossly, metastases appear as multiple or single firm 
masses that replace all or part of the glands (Fig. 3-39A). 
Larger metastases are often necrotic and hemorrhagic, and 
may therefore simulate adrenocortical carcinomas. The 
microscopic appearances of metastatic lesions differ accord- 
ing to their sites of origin. While most such lesions are recog- 
nizable as metastases, their distinction from primary adrenal 
tumors may be difficult. Generally, however, metastatic car- 
cinomas can be distinguished from other tumor types on the 
basis of immunohistochemistry (Fig. 3-38). 

Metastatic carcinomas are positive for broad-spectrum 
cytokeratins while adrenocortical tumors may be positive 
or negative. Most melanomas and sarcomas are negative 


for cytokeratins; however, some sarcomas (e.g., synovial 
sarcoma, epithelioid variants of leiomyosarcoma, and lipo- 
sarcoma) and occasional melanomas may be cytokeratin- 
positive. Accordingly, melan-A, inhibin, calretinin, and 
SF-1 will be most useful in establishing an adrenocortical 
origin provided that melanoma, which is typically positive 
for melan-A, can be ruled out. TTF-1 is commonly positive 
in metastatic lung and thyroid carcinomas, but is negative 
in non-small-cell primaries of breast, the gastrointestinal 
tract, liver, and kidney. Thyroglobulin (THY) is used to dif- 
ferentiate lung (THY-negative) from thyroid carcinomas 
(THY-positive). Other commonly used antibodies include 
gross cystic disease fluid protein 15 (GCDFP-15) and mam- 
moglobin for breast; CDX2 for gastrointestinal primaries; 
polyclonal carcinoembryonic antigen (pCEA) and hepato- 
cyte (HepPar-1) for hepatocellular carcinomas (HCC); and 
CD10, RCC antigen, and PAX-2'4!3!73!8 for RCCs. CD45 
is positive in and is used to screen for lymphoreticular and 
hematopoietic neoplasms. Additional lineage specific mark- 
ers are used for further classification into T-cell or B-cell sub- 
types (CD3 and CD20, respectively). It must be emphasized 
that the algorithmic approach, summarized in Figure 3-38, is 
a simplification, since sensitivity and specificity of the differ- 
ent immunohistochemical markers vary, so that despite ade- 
quate material on a biopsy, one neoplasm can only be favored 
over another, without a definitive diagnosis in some cases. 


Malignant Lymphoma and Leukemia 


Secondary involvement of the adrenal glands occurs in up 
to 25% of patients with disseminated malignant lymphoma 
studied at autopsy.” Both Hodgkin disease and non-Hodgkin 
lymphomas have been reported, with a higher frequency for 
non-Hodgkin lymphomas. Adrenal insufficiency as a result 
of leukemic or lymphomatous involvement is rare and most 
likely to occur in patients with high-grade tumors.?!°°° 


lung primary. Grossly, the metastatic tumor is relatively circumscribed, but also infiltrates the periadrenal fat (A, courtesy of Dr. K. Singh, 
Providence, RI). The histologic section demonstrates an adenocarcinoma adjacent to adrenocortical cells (B). 
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Adrenal involvement can be unilateral or bilateral, and 
tumors can range in size from those of microscopic dimen- 
sions to those that replace the adrenal and adjacent structures 
(Fig. 3-40A and B). The gross appearance can be identical 
to that of adrenocortical carcinomas. Histologic characteris- 
tics vary according to the type of lymphoma. These tumors 
can be distinguished from other tumor types on the basis of 
positive staining for CD45 and other markers of lymphoid 
differentiation. Very rare examples of primary lymphomas 
of the adrenal glands have also been reported.*!°>” Virtually 
all of the primary adrenal lymphomas have been of the non- 
Hodgkin large-cell type (Fig. 3-40C), including the large-cell 
angiotrophic variant.*”° Leukemic involvement of the kidney 
is typically identified as an incidental finding at autopsy. 


Myelolipoma 


The myelolipoma is a benign tumor-like lesion of the adre- 
nal gland composed of mature adipose tissue admixed with 
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hematopoietic cells. Lesions of identical morphology may 
develop in a variety of extra-adrenal sites, particularly the 
retroperitoneum. Foci of myelolipomatous change may 
be found in cortical tumors and within otherwise normal 
adrenal glands.” As a result, it has been debatable as to 
whether myelolipomas are true neoplasms or represent a 
reactive process. However, Bishop et al.”* demonstrated 
nonrandom X-chromosome inactivation in the hematopoi- 
etic elements and fat in 8 of 11 myelolipomas from female 
patients in support of a clonal origin of these lesions and 
hence neoplastic nature. 

The mean age at diagnosis is approximately 50 years, 
and most patients are asymptomatic. Sometimes, however, 
patients have evidence of flank pain with or without a pal- 
pable mass or hematuria. Myelolipomas are unilateral non- 
encapsulated but circumscribed lesions that are bright yellow 
with foci of tan-brown discoloration (Fig. 3-41A). They 
vary considerably in size, from those that are of microscopic 


Figure 3-40 E Adrenal lymphoma. CT image of the abdo- 
men demonstrates effacement of the left adrenal gland by tumor 
(A; arrow) without evidence of retroperitoneal lymph node enlarge- 
ment. The gross image of the gland demonstrates involvement by 
a grey “fish flesh” tumor with white areas corresponding to foci of 
necrosis (B). The H&E section demonstrates infiltration by large 
neoplastic cells with high nuclear to cytoplasmic ratio in the lower 
filed and adrnocotical cells in the upper field (C). The neoplastic 
cells are diffusely positive for CD20 (inset), confirming the diagno- 
sis of diffuse large B-cell non-Hodgkin lymphoma. 
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dimensions to those that fill the abdomen. At the microscopic 
level, the lesions are composed of mature adipose tissue with 
scattered islands of hematopoietic cells?” (Fig. 3-41B). Areas 
of necrosis, hemorrhage, cyst formation, and calcification or 
ossification may also be evident, particularly in larger lesions. 


Cysts and Pseudocysts 


Although adrenal cysts are uncommon, their rate of detec- 
tion as a result of CT and MRI scanning has increased 
dramatically. Most adrenal cysts are unilateral, and occur 
more frequently in females than in males. Symptomatic 
cysts may be associated with flank pain or gastrointestinal 
complaints. Adrenal cysts may be divided into four major 
categories, including epithelial cysts, parasitic cysts, endo- 
thelial (vascular) cysts, and pseudocysts.*”° The term pseu- 
docyst describes a lesion that lacks recognizable endothelial 
or epithelial cells. Typically, pseudocysts are unilocular. 
Pseudocysts range in size from 1.8 to 10 cm, but lesions of 
considerably larger size have been reported. The cysts usu- 
ally contain hemorrhagic fibrinous material while the wall 
is composed of dense fibrous tissue with areas of calcifica- 
tion and granulation tissue. Many adrenal pseudocysts prob- 
ably develop as lymphangioendothelial cysts that undergo 
episodes of hemorrhage, fibrosis, and hemosiderin deposi- 
tion with the ultimate disappearance of the endothelial lin- 
ing.” This conclusion is based on the occasional presence of 
residual lining cells that are positive for factor VHI-related 
antigen. Occasionally, abundant elastic tissue may be pres- 
ent within the cyst wall, further suggesting a vascular origin. 

True vascular cysts are typically multilocular and are 
most likely related to preexisting adrenal hemorrhage with 
subsequent organization and endothelialization or to benign 
vascular lesions. They are lined by flattened endothelial 
cells. True epithelial cysts include retention cysts, some of 


which are of mesothelial origin, embryonal cysts, and cystic 
neoplasms. As noted in the other sections, any adrenal neo- 
plasm may contain foci of cystic change. Rarely such cystic 
change may involve a neoplasm almost entirely so that on 
imaging studies they simulate a cyst or pseudocyst, but on 
pathologic examination residual mural tumor nodules are 
present. Erickson et al.” reported 2 adrenal cortical carci- 
nomas, 2 adrenal cortical adenomas, and 2 pheochromocyto- 
mas associated with 6 of 32 pseudocysts from the archives of 
the Mayo Clinic over a 25-year period.’ An additional case 
of pheochromocytoma was associated with an endothelial 
cyst. Parasitic cysts are the least common adrenal cysts and 
are most often due to echinococcal infection. 


Adenomatoid Tumor 


Adenomatoid tumors occur most commonly in the genital 
tract, but similar lesions may rarely arise within the adrenal 
gland. They are generally small, with infiltrative margins, 
and may appear solid or cystic with occasional cases having 
a papillary architecture? Adenomatoid tumors are com- 
posed of nests and cords of epithelioid cells forming glands 
and tubules (Fig. 3-42). The epithelioid cells may have a 
flattened appearance resembling endothelial cells; however, 
the tumor cells are positive for cytokeratins and are charac- 
terized by the presence of desmosomes and microvilli, con- 
sistent with mesothelial origin.**°**! Moreover, the cells are 
positive for calretinin.>* 


Mesenchymal Tumors 


Both benign and malignant mesenchymal tumors may occur 
as primary adrenal tumors and include hemangiomas, lipo- 
mas, leiomyomas, osteomas, neurofibromas, angiomyoli- 
pomas, and schwannomas (neurilemomas).” #37233 Among 


Yee 


Figure 3-41 E Adrenal myelolipoma. The cut surface this tumor has a mottled yellow brown appearance (A). Histologic section demon- 


strates islands of hematopoietic tissue scattered among the fat cells (B). 
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the benign tumors, cavernous hemangiomas are the most 
common and are usually detected as incidental findings at 
surgery or autopsy. Most hemangiomas are solitary and uni- 
lateral (Fig. 3-43). Hemangiomas should be distinguished 
from adrenal cortical adenomas with degenerative changes 
and secondary vascular proliferation. The gross and histo- 
logic features of adrenal neurofibromas and schwannomas 
are identical to those of similar tumors found at other sites. 
Of note, Lau et al. reported two cases of primary adre- 
nal schwannomas that were over 9 cm in size, one of which 
had a cellular morphology. Leiomyomas are rare and most 
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likely originate from smooth muscle cells of the central 
vein. Solitary fibrous tumor and calcifying fibrous tumor/ 
pseudotumor have also been reported within the adrenal 
gland334336, 

Although primary adrenal sarcomas have been reported, 
it must be remembered that a primary retroperitoneal sar- 
comas growing around the adrenal gland may simulate an 
adrenal primary on imaging studies. Angiosarcomas aris- 
ing within the adrenal gland are extremely rare. In a series 
of 10 angiosarcomas reported by Wenig and Heffess,**’ the 
tumors ranged in size from 6 to 10 cm and were composed 


Figure 3-42 E Adenomatoid tumor. Grossly, the tumor is 
largely white and firm (A). The tumor is composed of glandu- 
lar and tubular formations (B, lower image). Neoplastic cells are 
positive to antibodies to calretinin (C). 
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of spindle-shaped and/or epithelioid cells. A vascular origin 
was confirmed by the finding of positive staining for factor 
Vill-related antigen and CD34. Epithelioid angiosarcomas 
may show focal keratin immunoreactivity, similar to epithe- 
lioid angiosarcomas occurring at other sites. Rarely, exten- 
sive hemorrhagic infarction of an adrenal adenoma with the 
formation of pseudovascular spaces lined by large, atypical 
fibroblasts may mimic a primary adrenal angiosarcoma.*** 
Leiomyosarcomas, including cases of pleomorphic leiomyo- 
sarcoma of the adrenal gland with osteoclast-like giant cells, 
and malignant peripheral nerve sheath tumors rarely may 
develop as primary adrenal gland malignancies.*°° 


Other Tumors and Tumor-like Lesions 


Primary adrenal melanomas are rare and controversial 
tumors with approximately 10 well documented cases 
reported in the literature. Considerably more common is 
the presence of an occult primary melanoma originating in 
the skin, mucous membranes, or eyes with metastasis to the 
adrenal gland.*7*** Dao et al. have proposed that adrenal 
melanomas can arise from pheochromocytomas, which pro- 
duce melanin rather than catecholamines. Moreover, they 
suggest that these tumors should be classified as malignant 
melanotic pheochromocytomas. It should be remembered, 


however, that some pheochromocytomas, similar to other 
neuroectodermal tumors, may contain melanin pigment. 
Typically, pheochromocytomas are positive for synapto- 
physin and chromogranin while melanomas are positive for 
S-100 protein, tyrosinase, melan-A, and HMB-45. Of par- 
ticular interest has been the observation that approximately 
one-third of nonmelanotic pheochromocytomas exhibit pos- 
itivity for the melanoma-specific antibody HMB-45.°"4 

Angiomyolipoma may be primary within the adrenal 
gland?’ or may arise from the upper pole of adjacent kidney 
such that its exact origin may not be discernible on imag- 
ing studies. Since these lesions can be dominated by HMB- 
45-positive epithelioid cells, distinction from melanoma is 
made by absent staining with melan-A. 

Ovarian thecal metaplasia refers to a focal subcapsular 
proliferation of spindle cells that resemble ovarian stroma.** 
This is an uncommon lesion that has been reported in <5% 
of women undergoing adrenalectomy for metastatic breast 
carcinoma. A similar lesion may occur in men but is excep- 
tionally uncommon. The spindle cells may be surrounded by 
a collagenous matrix, and groups of cortical cells may be 
admixed with the spindle cells. Very rarely, gross enlarge- 
ment of the adrenals may result from similar proliferations 
of spindle cells.**° Granulosa cell and Leydig cell tumors 
have also been reported within the adrenal glands.*4”** 


Figure 3-43 Œ Adrenocortical hemangioma. This tumor is 
composed of a large area of sclerosis on the left ( A, Courtesy of 
Dr. W. Greaves, Providence, R.I.). Histologic sections demonstrate 
different caliber vessels intermixed with adrenal cortical tissue 
and cavernous spaces with some vessels having sclerosed walls 
(B). High-power demonstrates normal appearing endothelial cells 
of the vessels (C). 
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Dysembryonic neoplasms and adrenocortical blastomas 
are exceptionally uncommon. Santonja et al. have reported 
a single case of a primary adrenal tumor in a 4-year-old boy 
with features of Wilms tumor. The tumor was composed of 
blastemal nodules, primitive tubules, glomeruloid structures, 
and areas resembling sclerotic nephrogenic rests. Molberg 
et al.’ have reported a malignant virilizing adrenocortical 
tumor in a 21-month-old child with elevated alpha fetopro- 
tein levels. The neoplasm was composed of immature epi- 
thelial and mesenchymal elements including slit-like spaces 
lined by primitive epithelial cells. They felt the histologic 
features were reminiscent of the embryonic adrenal cortex 
so they used the term “adrenocortical blastoma.”?*° 

Mixed corticomedullary tumors composed of admix- 
tures of cortical and medullary cells are exceptionally rare 
and <20 cases have been reported.**'*°? While some of these 
cases most likely represent collision tumors, others have 
been characterized by intimate admixtures of cortical and 
medullary cells. A recent example has been reported to dem- 
onstrate features of malignancy.” 

Sustentaculoma is a distinctive neoplasm of the adrenal 
medulla reported by Lau et al.’® that pursued a benign course 
on limited follow-up. The authors described a well circum- 
scribed tumor characterized by ill-defined, irregular nests of 
spindle cells with eosinophilic cytoplasm and elongated nuclei 
having tiny nucleoli. There was an accompanying lympho- 
plasmacytic inflammatory infiltrate. Immunohistochemical 
staining demonstrated positive staining with antibodies to 
S-100 protein and CD56, but distinction from a spindle-cell 
pheochromocytoma was aided by negative staining with anti- 
bodies to synaptophysin and chromogranin. Dendritic cell 
markers and melanoma-associated antigens were also nega- 
tive. On ultrastructural examination, the lesional cells were 
devoid of secretory granules and basal lamina. The latter fea- 
ture was used to distinguish the lesion from a schwannoma. 
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Pathology of the Renal Pelvis and Ureter 


The renal pelvis and ureter are tubular structures that facilitate 
passage of the urine from the kidney to the urinary bladder. 
Despite their relatively simple architecture, these organs are 
subject to a wide variety of pathologic processes. In particu- 
lar, the complex nature of nephro-ureterogenesis accounts for 
the observed diversity of congenital abnormalities seen at this 
site, which may lead to urinary reflux, urinary tract infections, 
and ultimately renal failure. In addition to these congenital 
abnormalities, chronic exposure to toxins and metabolites 
within the urine may promote the development of clinically 
important diseases such as lithiasis, and mucosal metaplasia 
and neoplasia. Although a number of reported pelviureteral 
disorders are rarely encountered in clinical practice, many of 
the more common conditions account for a significant mor- 
bidity and mortality in both pediatric and adult populations. 


ANATOMY AND HISTOLOGY | 


The renal pelvis and ureter are fibromuscular tubes lined by 
mucosa. The ureter is 30 cm long with an average diameter 
of 5 mm. There are narrowings of the lumen at the uretero- 
pelvic junction where the external and common iliac ves- 
sels cross and where the ureter enters the bladder. These are 
natural sites for obstruction and impaction of stones and are 
frequently the sites where pathology is observed.! 
Urothelium lines the complete length of the renal pelvis 
and ureter and varies in thickness from two to three cells in 
the renal pelvis to four to six cells in the ureter. The surface of 
the urothelium consists of larger cells aligned parallel to the 
surface (umbrella cells). These have eosinophilic cytoplasm 
and occasional binucleate forms and mucin-filled vacuoles 
are seen.’ The surface of the superficial layer is covered by an 
impervious trilaminar membrane, which is convoluted in the 
resting nondistended state.’ Desmosomes are present between 
cells of the superficial layer and between superficial and inter- 
mediate cells. Beneath the superficial layer, cells are aligned 
perpendicular to the basement membrane, and in thickened 
epithelium a condensed basal cell layer may be present. 
Scattered glycogen-filled vacuoles are often present within 
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the deeper layers. It has been demonstrated that the nuclei of 
cells of the renal pelvic urothelium are larger than those of 
the bladder. As a consequence of this, caution is required in 
interpreting dysplasia and carcinoma in situ (CIS) in frozen 
sections of ureter. 

The lamina propria consists of vascular fibrous tissue, 
which is more condensed toward the deep aspect.! Scattered 
elastin fibers are present, which cause folding of the mucosa 
in the resting state. Beneath the submucosa, bands of smooth 
muscle form the muscularis propria, which increases in 
thickness distally (Fig. 4-1). This is arranged into an inner 
longitudinal layer and an outer circular layer, although this 
division is not discernible within the renal pelvis and proxi- 
mal ureter. The passage of urine through the renal pelvis and 
ureter is facilitated by peristalsis, with an action potential 
being propagated between myocytes by numerous close con- 
tacts or nexuses.! In the renal pelvis the fibers of the mus- 
cularis have a spiral arrangement, which extends into the 
immediate proximal ureter.* This spiral arrangement gives 
rise to a fragmented appearance to the muscularis in histo- 
logic sections, and this has been considered, erroneously, to 
be a diagnostic feature of ureteropelvic junction obstruction. 

In the renal pelvis the muscularis propria is covered by fat, 
which blends into the fat of the renal hilum.” The adventitia of 
the proximal ureter consists of loose connective tissue contain- 
ing collagen, fibroblasts, myocytes, and nerve fibers. This is 
condensed and thickened in the distal ureter to form Waldeyer 
fascia, which continues as the adventitia of the bladder. 


EMBRYOLOGY | 


The urinary tract develops from intermediate mesoderm, and 
three separate renal structures form sequentially. Initially the 
transient pronephros is formed with an associated nephro- 
genic duct, which opens into the cloaca. With the develop- 
ment of this structure into the mesonephros by week 4, the 
nephrogenic duct forms the mesonephric duct from which 
the ureteric bud develops on its dorsomedial surface. The 
bud elongates caudally and its junction with the mesonephric 
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Figure 4-1 E Distal ureter showing prominence of the inner 
longitudinal and outer circular layers of the muscularis propria. 


duct migrates toward the cloaca to form separate ureteric and 
Wolffian ducts by week 6.° The caudal end of the ureteric 
duct forms the ampulla, and this fuses with the metanephric 
mesenchyme. This fusion induces branching of the ampul- 
lary bud to form the renal pelvis, calyces, and collecting 
ducts, and also induces differentiation of metanephric mes- 
enchyme into nephrons and supporting stroma.” By week 
12 the ureteral muscularis develops, and by week 14 there is 
recognizable urothelium lining the upper tract.’ 

It has been claimed that the ureter becomes temporarily 
obliterated during week 6 and recanalization commences in 
the midportion and extends both proximally and distally.’ 
This process of obliteration and recanalization has been 
questioned, and it has been suggested that this is merely 
a collapse of the ureteral lumen prior to the onset of urine 
output by the metanephros.!° There is a further temporary 
obstruction of the ureter by the Chawalla membrane that 
forms as a thin band of epithelial cells across the ureteral 
orifice during week 6.'! Persistence of luminal obliteration 
or of the Chawalla membrane has been implicated as a cause 
of ureteral valves and ureteral stenosis. 


MALFORMATIONS | 


Agenesis, Duplication, and Ectopia 


Renal agenesis and duplication, and positional abnormalities 
of the upper tract are the result of growth failure or abnormal 
branching of the ureteric duct from the mesonephric duct. 

Total failure of the ureteric duct to develop results in renal 
agenesis. Bilateral renal agenesis is rare, with a reported inci- 
dence of 3.5/10° live births," while unilateral agenesis is 
more frequently encountered’? and in one series was detected 
in 1/1,200 of children on screening.'* Renal agenesis may also 
arise when there is failure of the ureteric duct to fuse with the 
metanephros, and where the ureteric duct may persist to form 
a blind diverticulum part way along the length of the ureter. 


oes} 
Figure 4-2 E Kidney with duplex renal pelves and ureters. 


During elongation of the ureteric duct, with associated 
renal ascent, splitting of the ampullary bud may occur. In 
cases where this splitting occurs early in nephrogenesis or 
if two separate ampullary buds form along the length of the 
mesonephric duct, then double renal pelves and ureters will 
form, giving rise to a duplex collecting system (Fig. 4-2). 
Typically the vesicoureteral orifice of the upper pole ureter 
in a duplex system lies medial and caudal to the lower pole 
orifice, although exceptions to this rule have been reported. 
When splitting of the ureteric duct is a late event, a bifid 
ureter forms with two renal pelves, which drain into sepa- 
rate ureters that fuse to terminate in a single vesicoure- 
teral orifice!*! (Fig. 4-3). The site of the junction of bifid 
ureters depends on timing of the branching of the ureteric 


Figure 4-3 Œ Double renal pelves and ureters fusing superior 
to the vesicoureteric orifice to form a single ureter. 
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duct; however, in the majority of cases, this is in the lower 
third of the ureter and may be sited in the bladder wall.'” 

During embryogenesis the developing ureteric duct 
migrates distally along the mesonephric duct to fuse with the 
bladder, and the vesicoureteral orifice migrates to its normal 
trigonal position. If the ureteric duct develops in close prox- 
imity to the bladder, then migration of the vesicoureteral ori- 
fice extends beyond the trigone in both the caudal and lateral 
planes. Often the ectopic ureter is inserted more directly into 
the bladder wall with loss of the valve mechanism and result- 
ing vesicoureteral reflux.'* In extreme cases the ureteral ori- 
fice extends beyond the bladder, and the ureter terminates 
in the urethra or the genital structures that develop from the 
mesonephric duct.'* In females ureteral ectopia is associated 
with a duplex system in 80% of cases, while in males there is 
usually a single renal outflow tract.'* Further, as the ureteric 
duct takes its origin from the mesonephric duct, upper tract 
abnormalities are often associated with other malformations 
of the urogenital system and are found in the prune belly and 
VATER syndromes and trisomy 21. 

Clinical features of congenital abnormalities of the upper 
tract are variable although there is often reflux and urinary 
stasis leading to urinary tract infection, lithiasis, and fistula 
formation. Ureteral duplications are often asymptomatic 
although cyclic abdominal pain may occasionally be a pre- 
senting feature." Ultrasonography is valuable in the demon- 
stration of malformations in utero and in neonates. The role 
of the pathologist may be to define the anatomic basis of a 
functional deficiency. 


Ureteropelvic Junction Obstruction 


Ureteropelvic Junction (UPJ) obstruction refers to the sig- 
nificant functional impairment of urinary flow from the renal 
pelvis to the ureter leading to hydronephrosis (Fig. 4-4). The 
majority of cases are congenital and occur in the pediatric 
age group. More rarely the obstruction may be secondary to 
postoperative or inflammatory strictures, renal stones, and 
urothelial neoplasms, including fibroepithelial polyps.!?”° 
Rarely UPJ obstruction is associated with renal parenchy- 
mal neoplasia. There is also a reported association with con- 
genital renal abnormalities in 15% to 20% of patients,”! with 
agenesis and cystic renal dysplasia in the contralateral kid- 
ney,” and with vasculitis.” Functional obstruction has also 
been reported due to extrinsic compression by an aberrant 
lower pole vessel. This is seen in 16% to 20% of patients 
with UPJ obstruction with a median age of 67 months at 
presentation.” UPJ obstruction is more likely to be unilateral 
in adults, while pediatric cases are more frequently bilateral. 
Congenital UPJ obstruction affects 13,000 newborns 
annually in the United States with hospitalization rates of 
2.4/100,000 for patients aged <18 years. The highest incidence 
is in children <3 years of age with hospital admission rates of 
9.3/100,000 being reported,” and in this age group there is a 
male predominance.” Ethnicity appears not to be a significant 
factor although slightly higher hospitalization rates for UPJ 
obstruction have been noted for patients of Hispanic origin.” 
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Figure 4-4 E Ureteropelvic junction obstruction. The renal 
pelvis is distended proximal to the UPJ obstruction. 


Transport of urine from the renal papilla to the bladder 
is active and dependent on smooth muscle contraction, 
with some modulation by the autonomic nervous system.” 
In many cases of clinical UPJ obstruction, no identifiable 
lesion is seen and the impairment is functional.” Earlier 
studies have demonstrated abnormalities at both a cellular 
and ultrastructural level, and in particular increased inter- 
stitial collagen has been implicated,” although this is likely 
to be a secondary effect. Folds in the muscle or overlying 
mucosa, or the development of kinks or strictures that lead 
to reorientation of muscle bundles into a predominantly lon- 
gitudinal pattern, have also been suggested as a pathogenic 
mechanism for UPJ obstruction.” Recent reports utilizing 
S100 protein, CKIT protooncogene protein (CD117), and 
synaptophysin immunohistochemistry suggest a defect in 
innervation as the cause of UPJ obstruction.*' The UPJ is not 
normally innervated, and in cases of obstruction it is appar- 
ent that this segment extends for a longer distance down 
the proximal ureter.** Defective innervation is supported 
by a finding of increased vasoactive intestinal peptide and 
decreased levels of synaptophysin and nerve growth factor 
receptor in UPJ obstruction.” Transforming growth factor 
beta 1 (TGF-B1) has recently been shown to be increased 
in UPJ obstruction; however, this may be a secondary effect 
leading to the promotion of extracellular matrix formation 
and collagen synthesis.” 

Prior to the advent of ultrasound investigations, UPJ 
obstruction was usually diagnosed during investigations for 
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Figure 4-5 E UPJ obstruction showing a typical funnel shape 
with fibrosis of proximal ureter. 


azotemia, urinary tract infection, or hematuria. The majority 
of cases are now discovered by the detection of renal pelvis 
dilatation on prenatal or perinatal ultrasound, and it is recom- 
mended that a dilatation of >5 mm be further investigated.** 
Asymptomatic cases of UPJ obstruction are usually treated 
conservatively, and in those patients with good renal function, 
the outcome is favorable whether the treatment is conserva- 
tive or surgical. While patients with moderate impairment 
may benefit from pyeloplasty, those with poor function usu- 
ally have minimal recovery following pyeloplasty.’ 

The gross surgical specimen in congenital UPJ obstruction 
is usually funnel shaped (Fig. 4-5), and thickening of the por- 
tion of the renal pelvis in the vicinity of the UPJ may be pres- 
ent. The histologic findings are variable and nonspecific, and 
occasionally no abnormality is seen. The mucosa is usually 
normal although projections resembling mucosal folds may 
be present.’ There is occasionally hypertrophy of the smooth 
muscle layer? although this is more commonly thinned, and 
segmental loss of smooth muscle has also been reported.*° 
Interstitial fibrosis is the most common finding although this 
is variable and may be associated with a mild diffuse chronic 
inflammatory infiltrate (Fig. 4-6). On electron microscopy, 
increased interstitial collagen is usually observed. 


Ureteral and Paraureteral Diverticulum 


Ureteral diverticula are rare and may be congenital or acquired. 
Symptoms are nonspecific; however, dysuria and hematu- 
ria may be presenting features.” Congenital diverticula are 
related to sites of weakness within the ureteral wall and are 
most commonly found adjacent to the ureteropelvic and vesi- 
coureteral junctions. Other abnormalities of the urinary tract 
may be found in conjunction with congenital diverticula.** 


renal pelvis shows marked interstitial fibrosis. 


Acquired diverticula are probably secondary to chronic 
infection or ureteral obstruction.” Occasionally multiple 
diverticula may be present, and it has been suggested that 
these are acquired, being the result of chronic infection.” It 
is recommended that treatment of small acquired diverticula 
should be directed toward management of the predisposing 
condition,” although larger diverticula may require surgical 
resection. 

Histologically, congenital diverticula contain all three 
layers of the ureteral wall, while acquired diverticula usually 
have a thinned mucosal layer.*’ 

Paraureteral diverticula originate within the bladder wall, 
adjacent to the ureteral orifice, and are due to a failure of 
normal muscle development or a defect in Waldeyer fascia.” 
In some cases, these can expand to involve the ureter with 
vesicoureteral reflux or outflow obstruction.” There is occa- 
sionally coexisting renal dysplasia, and an association with 
pelvicalyceal duplication has been reported.“ Treatment 
is surgical and consists of diverticulectomy with or without 
ureteral reimplantation. 


Ureterocele 


Ureterocele is the cystic dilatation of the distal ureter that 
projects into the bladder (Fig. 4-7). This most commonly 
occurs in Caucasian females, and there is an annual hos- 
pitalization rate of 1/10° in the pediatric age group, with 
92% of hospital admissions being children under the age of 
2 years.“ The pathogenesis is uncertain and persistence of 
Chawalla membrane has been suggested, as has abnormal- 
ity of the ureteral muscularis.** It has been estimated that 
there is an association with a duplex system in 95% of cases 
in females and 44% of cases in males.“ Ureterocele asso- 
ciated with duplex ureter usually occurs in the upper pole 
ureter and is situated more inferiorly than ureterocele that 
arises from a single ureter. Previously ureteroceles arising in 
association with duplex ureters have been designated ecto- 
pic ureterocele; however, this term is now limited to those 
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Figure 4-7 E Cystogram showing a ureterocele with typical 
cobra-head appearance. 


ureteroceles that extend beyond the bladder into the blad- 
der neck or urethra.” If a ureterocele burrows between the 
bladder mucosa and muscularis to lie intramurally, the term 
cecoureterocele is applied. 

Ureterocele is associated with dilatation of the proximal 
ureter and often results in reflux and hydronephrosis. Larger 
ureteroceles may also obstruct the contralateral ureter or the 
normal ipsilateral ureter in a duplex system. Obstruction of 
renal outflow from ureterocele may lead to cystic renal dys- 
plasia or renal scarring, and in 10% of cases hypertension 
develops. 

The histologic features of ureterocele relate to chronic- 
ity. The surface mucosa of ureterocele originates from the 
bladder, while the cyst lumen is lined by ureteral mucosa”' 
(Fig. 4-8). The muscularis may show hypertrophy or be 
attenuated and atrophic, with interstitial edema and variable 
interstitial fibrosis. 

Treatment of ureterocele consists of early prophylactic 
antibiotic therapy, to minimize the effect of urinary tract 
infection. Endoscopic puncture may be undertaken as an 
emergency procedure, followed by surgical excision of the 
ureterocele and ureteral reconstruction.’ 


Megaureter 


Megaureter is dilation of the ureter. This is considered to be 
primary if it is the result of a defect of intrinsic smooth muscle. 
It is most commonly seen in the pediatric age group and is 
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Figure 4-8 E Ureterocele. There is hyperplasia of the urothe- 
lium with edema, telangiectasia, and chronic inflammation of the 
grossly thickened lamina propria. 


characterized by a ureteral diameter of >7 mm. Megaureter is 
not a specific diagnosis and may be associated with reflux or 
outflow obstruction, although a significant proportion is nonre- 
fluxing and nonobstructed. These three categories of megaure- 
ter are further subdivided into primary and secondary groups™ 
(Table 4-1). The pathogenesis of megaureter is dependent on 
the type; however, there is an association with abnormalities of 
the urinary tract, particularly cystic renal dysplasia.™ 


Refluxing Megaureter 


Refluxing megaureter is characterized by retrograde flow 
from the bladder into the ureter. This may be unilateral or 
bilateral and is more common in females.” Primary reflux- 
ing megaureter results from abnormalities of the vesicoure- 
teral junction, associated with loss of the valve function of 
the intramural ureteral segment.” The histologic features are 


Table 4-1 CLASSIFICATION OF MEGAURETER 


m~ Primary - Primary refluxing 
Refluxing 2 megaureter 
megaureter 
L— Secondary - Urethral obstruction 
- Neurogenic bladder 
— Primary - Intrinsic obstruction 
(adynamic segment, 
Obstructed 3) ureteral stenosis) 
megaureter 
L Secondary - Urethral obstruction 


- Neurogenic bladder 
Extrinsic obstruction 


— Primary - Non refluxing, 
Non-refluxing, non obstructed 
non-obstructed ~ megaureter 
megaureter 
— Secondary - Polyuria 
- Infection 
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nonspecific with mural thickening, loss of smooth muscle, 
and an increase in interstitial connective tissue. Widespread 
collagen deposition is seen, and quantitative studies have 
shown a predominance of type III (juvenile) collagen.* 
Treatment is dependent on the severity of the reflux and 
degree of abnormality of the intravesical ureter. In severe 
cases early reimplantation is required, and in mild cases reflux 
may cease as the child grows. Secondary refluxing megaure- 
ter may be associated with urethral obstruction, neurogenic 
bladder, prune belly syndrome, and megacystis.***” 


Obstructed Megaureter 


Primary obstructed megaureter results from the pres- 
ence of an aperistaltic ureteral segment situated immedi- 
ately proximal to the vesicoureteral junction® (Fig. 4-9). 
Ureteral obstruction in these cases is functional as no stric- 
ture is seen, and abnormalities of neuromuscular trans- 
mission, resulting in an adynamic segment, have been 
implicated. Histologic findings are nonspecific, and there 
is often muscle hypoplasia with disorganization of myo- 
fibrils. Increased amounts of collagen are present, and in 
particular, an increase in collagen types I and II has been 
noted.” Hyperplasia of the ureteral muscularis, associated 
with ectopic insertion,” as well as total loss of the mus- 
cularis,® have been described. Obstructed megaureter is 
treated by excision of the lower stenotic segment and ure- 
teral reimplantation.™ 


Figure 4-9 E Primary obstructed megaureter with ureter of 
normal caliber adjacent to the vesicoureteral junction. 


Obstructed megaureter may occur secondary to urethral 
obstruction (Fig. 4-10), including urethral valves, neuro- 
genic bladder, and external obstruction such as retroperito- 
neal fibrosis and neoplasia.™* 


Nonobstructed, Nonrefluxing Megaureter 


In the majority of cases of perinatal megaureter, there is no 
evidence of either ureteral obstruction or reflux. 

The pathogenesis of nonobstructed, nonrefluxing mega- 
ureter is unknown although abnormal ureteral compliance 
or persistence of fetal ureteral architecture, with transient 
obstruction, have been proposed.*' This is confined to 
the distal ureter immediately proximal to the vesicoureteric 
junction with ureteral dilatation proximal to this,” and the 
dilated segment of the ureter is often fusiform and lacks 
the tortuosity associated with other forms of megaureter 
(Fig. 4-11). There is overlap with the histology of obstructed 
megaureter with interstitial fibrosis, fibrosis of the periure- 
teral sheath, and hypoplasia of the inner (longitudinal) mus- 
cle layer being reported.® 

Management of nonobstructed, nonrefluxing megaureter 
is usually expectant in the absence of urinary tract infection 
or loss of renal function. In severe cases, with declining renal 
function, ureteral reimplantation is undertaken.’ 

Secondary causes of nonobstructed, nonrefluxing mega- 
ureter may result from conditions leading to polyuria and 
from bacterial toxins associated with urinary tract infection.” 


y 


Figure 4-10 E Bilateral obstructed megaureter secondary to 
urethral valves. 
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FIGURE 
showing typical fusiform ureteral dilatation. 


4-11 Œ Nonobstructed, nonrefluxing megaureter 


Ureteral Dysplasia 


Rarely congenital nonrefluxing megaureter is associated 
with ureteral dysplasia where the muscularis has poorly 
formed myocytes, with absent or poor organization into mus- 
cle bundles. There is usually pronounced interstitial fibrosis 
with a variable infiltrate of lymphocytes and plasma cells. 
On ultrastructural examination there is thinning of myofila- 
ments, wide separation of cell membranes, a decrease in 
numbers of nexuses, and an increase in collagen fibers and 
ground substance.® 

It has been shown that ureteral dysplasia is evident at 
11 weeks’ gestation, and as there is an association with uri- 
nary outflow obstruction early in nephrogenesis, cystic renal 
dysplasia frequently occurs.“ The pathogenesis of ureteral 
dysplasia is unknown although muscle contractility studies 
show decreased amplitude of contractions and decreased 
response to adrenergic drugs. On imaging there is dilata- 
tion of the involved ureteral segment, which is usually sited 
in the distal ureter. In severe cases interstitial fibrosis leads to 
ureteral obstruction, although, in most cases this obstruction 
is functional rather than anatomical.°’ 

Treatment of ureteral dysplasia involves resection of the 
dysplastic segment with ureteral reimplantation.™ 


Ureteral Stricture 


Ureteral stricture may be either congenital or secondary to 
trauma and inflammation. The pathogenesis of congenital 
stricture is uncertain and may be associated with failure 
of complete recanalization of the ureter, which undergoes 
temporary obliteration during fetal development.” An 
alternative theory is that congenital ureteral stricture is due 
to external compression of the ureter by fetal vessels lead- 
ing to incomplete smooth muscle development.” This latter 
theory accords with the histologic findings, which consist of 
segmental absence of muscle and narrowing of the ureteral 
lumen. Congenital ureteral stricture may occur in isolation 
or may be a component of multiple organ syndromes.” 
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FIGURE 


4-12 E Ascending 
stricture and medial deviation of the upper ureter (arrow) secondary 
to infiltration by retroperitoneal tumor. 


ureteropyelogram showing 


There is also an association with ipsilateral and contralateral 
cystic renal dysplasia, solitary kidney, and blind ending of 
the contralateral ureter. 

Secondary ureteral stricture is a recognized complication of 
ureteral endoscopy and pelvic surgery, with an incidence rang- 
ing from 0.5% to 3%.” Other secondary causes of ureteral stric- 
ture are trauma, ureteral infections, including tuberculosis and 
inflammation in adjacent organs, radiation, ureteral lithiasis; 
vasculitis and ischemia, amyloidosis, and endometriosis.” 7? 

Primary tumors of the ureter, especially urothelial carci- 
noma, usually present with ureteral stricture, and hydrone- 
phrosis and stricture may also be seen in association with 
extraureteral tumors that involve the ureter by direct infiltration 
or metastatic spread (Fig. 4-12). 


Ureteral Valves 


Ureteral valves are a rare cause of ureteral outflow obstruc- 
tion with <60 cases being reported.*® The majority of cases 
occur in males in the pediatric age group, with hydronephro- 
sis being the most frequently associated finding. In many 
cases there is also an association with abnormalities of the 
kidney and ureters. '! 

The pathogenesis of ureteral valves is debated; however, it 
has been suggested that they represent a persistent Chawalla 
membrane or an exuberant form of the ureteral folds seen in 
normal fetal development.'!*! 
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Specific criteria for the diagnosis of ureteral valves have 
been proposed; (i) The leaflets should be covered by mucosa 
and contain smooth muscle, (11) There should be ureteral 
obstruction proximal to the fold but not distal to it, and (111) 
There should be no other evidence of either functional or 
mechanical obstruction.*' The requirement for the identifica- 
tion of smooth muscle in the leaflet is debated, while others 
require smooth muscle in the leaflet base.'! Valves may occur 
throughout the length of the ureter, with 50% reported from 
the proximal ureter, 17% the mid ureter, and 33% the distal 
ureter. Histologically, ureteral valves may form leaflets or an 
annular ring of mucosal-covered connective tissue. 

Management of valve leaflets is surgical with most treated 
by ureteroureterostomy, ureteropyelostomy, or longitudinal 
ureterotomy.'! 

Ureteral folds are rarely detected on excretory urogra- 
phy, and these occasionally have a corkscrew appearance.'® 
These folds consist of lamina propria and smooth muscle 
and probably represent persistent fetal ureteral tortuosity. '°* 
Most cases of ureteral folds are not associated with outflow 
obstruction, although rarely hydronephrosis may be a pre- 
senting feature. 


INFLAMMATION AND INFECTION 


Renal Pelvis and Ureteral Infection 


Infection of the upper urinary tract is usually secondary to 
lower tract infection and may be associated with urinary 
tract obstruction, voiding dysfunction, and urinary tract 
abnormalities (ureteral duplication, megaureter, and UPJ 
obstruction). Other significant contributing factors include 
catheterization, instrumentalization, and urinary tract 
lithiasis, while ureteral infection may occur secondary to 
pyelonephritis. 

The most common pathogenic bacterial organism in 
the urinary tract is Escherichia coli although Proteus, 
Klebsiella, Enterococcus, Pseudomonas, and Serratia are 
frequently encountered. Struvite lithiasis is often associated 
with Proteus and less commonly Morganella infection.“ 

Mycobacterium infection of the ureter (Fig. 4-13A and B) 
is usually secondary to renal infection and may result in 
the development of stricture leading to hydronephrosis. 
Mycobacterium tuberculosis is most frequently involved, 
although M. avium, M. kansasii, and M. bovis infections are 
also well described. 

Upper tract fungal infections are usually associated with 
systemic disease or localized renal infection in an immu- 
nocompromised patient. A wide variety of fungi have 
been reported as renal pelvis and ureteral pathogens with 
Candida being the most commonly seen. This may form a 
fungal bezoar within the renal pelvis and, as is reported for 
Aspergillus and Coccidioides, may result in ureteral stricture 
formation.***° There is a single case report of extragenital 
granuloma inguinale presenting as a soft tissue neoplasm 
involving the ureter." 


Malacoplakia 


While more commonly occurring in the urinary bladder, 
renal parenchyma, and genital tract, occasional cases of mal- 
acoplakia of the renal pelvis and ureter (Fig. 4-13C) have 
been reported.” There is a female predominance with ages 
of patients ranging from 24 to 78 years (mean 66 years).**”! 
In the majority of cases, there were no reported preexisting 
conditions although an association with concurrent acute 
inflammation and immunosuppression has been noted,*?” 
and there is a single case report of malacoplakia in a trans- 
plant ureter.” 

Malacoplakia of the renal pelvis and/or ureter usually pres- 
ents as an exophytic tumor-like lesion on imaging and may 
be mistaken for urothelial carcinoma.” Urinary cytology has 
also been shown to be diagnostic in rare instances.” Disease 
may be bilateral or unilateral and is often associated with 
urinary obstruction and hydronephrosis.” Malacoplakia has 
also been reported as a cause of secondary UPJ obstruction.” 
On occasion inflammation may be limited to the renal pelvis 
or ureter; however, there is usually concurrent malacoplakia 
in the urinary bladder or renal parenchyma, and it has been 
suggested that involvement of the urinary outflow tract is a 
secondary feature.” 

Grossly the lesion may be solitary or multifocal and is 
soft friable and exophytic ranging from white to pale yellow 
in color. 

Histology shows typical features of malacoplakia with 
early lesions resembling xanthogranulomatous inflammation 
without Michaelis-Gutmann bodies, while later lesions may 
be associated with interstitial fibrosis.”*°* On ultrastructural 
examination both histiocytes and urothelial cells contain 
cytoplasmic multilamellar bodies.” 

Few reports have identified organisms within foci of 
malacoplakia although Æ. coli has been isolated,* and treat- 
ment usually involves either localized or radical resection 
with adjuvant antibiotic therapy. Occasionally antibiotic 
treatment alone, or in combination of ureteral stenting, is 
successful.**.! 


Renal Pelvis and Ureter Lithiasis 


Renal lithiasis is a common problem, especially in Western 
countries, and is increasing in frequency. Within the United 
States, it is estimated that 13% of males and 7% of females 
will be diagnosed with a renal stone and that the likelihood 
of recurrence is up to 50% on a 5-year follow-up.'"'!” The 
advent of nonsurgical treatments has led to a decline in hos- 
pitalization for renal lithiasis although in 2000, 62/100,000 
population were treated as inpatients for upper tract stones in 
the United States, with the rates being highest for the 55- to 
64-year age group.'”! 

Stone composition is variable (Table 4-2) and in the 
majority of instances stones form as the result of metabolic 
disorders, dietary factors, and/or urinary tract abnormalities, 
although medications such as adenosine, ephedrine, indina- 
vir, and triamterene have been implicated. There is a strong 
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Table 4-2 FREQUENCY OFTYPE OF UPPER 
TRACT STONE 

Calcium oxalate and phosphate 34% 
Calcium oxalate 33% 
Magnesium ammonium phosphate (struvite) 15% 
Uric acid 8% 
Calcium phosphate 6% 
Cystine 3% 
Others 1% 


Adapted from Balaji KC, Menon M. Mechanism of stone formation. Urol 
Clin North Am 1997;24:1. 
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Figure 4-13 E A: Ureteral tuberculosis 
with transmural thickening. B: Granulomas 
in ureteral tuberculosis. C: Malacoplakia 
involving the ureter. (Illustration courtesy of 
Dr. DJ Grignon.) 


genetic predisposition to some forms of nephrolithiasis, 
and genes associated with cystinuria, hyperoxaluria, and 
X-linked nephrolithiasis have been identified.'° In many 
cases multiple genetic loci are involved and this reflects 
the many and diverse causes of hypercalciuria. A separate 
pathogenesis is described for struvite stones, which form as 
a result of chronic bacterial infection of the urinary tract, 
with the presence of urea-splitting bacteria being necessary 
for the generation of inorganic carbonate and phosphate.'™ 
The natural history of stones within the renal pelvis and 
ureter is dependent on stone type and the metabolic envi- 
ronment. In general terms calyceal stones are asymptomatic 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


270 Urological Pathology 


Figure 4-14 E Calcium oxalate renal stone impacted at the 
level of the UPJ. 


when small, but if untreated, almost 50% will become symp- 
tomatic in 5 years.!°> Larger stones within the renal pelvis 
may present with urinary tract infection, pain, hematuria, 
dysuria, and obstruction, especially at the UPJ'™ (Fig. 4-14). 

Ureteral stones (Fig. 4-15) are often symptomatic, 
and impaction, with urinary outflow obstruction, may be 


Figure 4-15 Œ Ureteral stone situated superior to the vesico- 
ureteral junction. There is dilation of the ureter and hydronephrosis. 


a presenting feature. Stones >5 mm in diameter usually 
require intervention as they are unlikely to pass spontane- 
ously," and complications include localized mucosal ulcer- 
ation and edema, leading to scarring and stricture formation, 
or ureteral perforation. 

The pressure effect of renal stones on the mucosa of the 
renal pelvis is compounded by recurrent acute or chronic 
inflammation. This results in mucosal ulceration, reactive 
hyperplasia of adjacent urothelium, granulation tissue for- 
mation, and fibrosis. Chronic inflammation predisposes to 
reactive epithelial changes with a predominance of squa- 
mous metaplasia. Other benign mucosal changes reported 
from the renal pelvis in association with renal lithiasis are 
pyelitis follicularis, pyelitis cystica, polypoid pyelitis, xan- 
thogranulomatous pyelitis, encrusted pyelitis, and fibroepi- 
thelial polyposis.” Similar changes are seen in the ureter 
with chronic inflammation being associated with squamous 
metaplasia, ureteritis follicularis, ureteritis cystica, and pol- 
ypoid ureteritis.'”’ 

Renal lithiasis is a recognized risk factor for renal pelvic 
and ureteral malignancy.'* The risk of developing malig- 
nancy is enhanced by recurrent urinary tract infections and 
is most commonly associated with struvite staghorn calculi. 
In some series the risk of malignancy increased with chro- 
nicity, while in others the risk remained stable over a 10-year 
follow-up." Urothelial carcinoma (UC) is the tumor most 
frequently associated with lithiasis, although squamous 
cell carcinoma (SCC) occurs in 20% of cases and has been 
found in 2% of patients with recurrent staghorn calculi.''? In 
addition to these tumors, verrucous carcinoma, sarcomatoid 
SCC, small cell (neuroendocrine) carcinoma, and adenocar- 
cinoma have been reported.!!!13 


Vasculitis 


Although the kidney is the most common organ to be involved 
in many of the forms of systemic vasculitis,''* reports of vas- 
culitis of the renal pelvis and ureter are rare and are usually 
confined to single cases. Vasculitis of the urinary outflow 
tract often occurs as part of multisystem disease and pres- 
ents as UPJ obstruction or ureteral stenosis, which may be 
unilateral or bilateral, with secondary hydronephrosis. 

Renal pelvic or ureteral vasculitis has been reported as 
part of the polyarteritis group of systemic vasculitis (classic 
polyarteritis nodosa,''* polyarteritis nodosa associated with 
hepatitis B,!'® and acute febrile mucocutaneous lymph node 
syndrome),”> as well as with Henoch-Schénlein hypersensi- 
tivity angiitis''’. In these cases ureteral stenosis was associ- 
ated with typical clinical and pathologic systemic features. 
Renal pelvic and ureteral vasculitis has also been noted in 
Churg-Strauss syndrome''® and Wegener granulomatosis!’ 
in patients with established pulmonary disease. Limited 
Wegener granulomatosis, involving the urogenital tract, has 
also been associated with ureteral vasculitis. "° 

Ureteral angiitis as part of the systemic manifestation of 
rheumatic connective tissue disease occurs rarely and has 
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been noted in cases of systemic sclerosis, !”! 


erythematosus,!”* and dermatomyositis.!”* 


systemic lupus 


Renal Pelvis and Ureter Injury 
Trauma 


Renal injury occurs in up to 3% of major trauma; however, 
direct involvement of the renal pelvis is rare.'* In cases of 
blunt or penetrating trauma to either the UPJ or renal pel- 
vis, there is usually hematuria and urinary extravasation may 
occur. Rarely a urinoma may form and this can become sec- 
ondarily infected.'*!° Ureteral trauma is most frequently 
iatrogenic, with gynecologic procedures predominating and 
in those cases requiring reconstruction, outcome is predicted 
by the length of ureteral injury and a history of previous 
radiotherapy.” In cases of noniatrogenic ureteral injury in 
the United States, 81% result from gunshot wounds, while 
10% are related to blunt trauma and 9% to stab wounds. "8 


Radiation 


Ureteral stenosis has been reported in 0.3% of patients with 
a mean follow-up of 5.7 years following curative radiother- 
apy for gynecologic carcinomas. '”° 

In the acute phase following radiotherapy, ureteral dila- 
tion occurs in two-thirds of cases, and this usually resolves 
over 6 months.'*° In experimental animal models asymptom- 
atic fibrotic ureteral stenosis was observed in dogs following 
doses of 20 Gy, and this has been associated with increased 
levels of TGF-B1.!! 

High-dose radiation is associated with capillary throm- 
bosis, and in early lesions epithelial atypia and mucosal 
ulceration are seen. Chronic effects consist of cytoplasmic 
vacuolation of epithelial cells, loss of pleating with associ- 
ated telangiectasia of ureteral mucosa, submucosal chronic 
active inflammation and fibrosis (Fig. 4-16), ureteritis cys- 
tica, and squamous metaplasia.'?*!**!°3 In experimental 


Figure 4-16 E Ureter, chronic radiation effect. There is 
chronic inflammation situated predominantly within the mucosa 
with neovascularization, telangiectasia, and submucosal fibrosis. 
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animal models these changes have been shown to increase 
in severity for the first 12 months following radiotherapy. 
In these studies the resulting stenosis was found to be func- 
tional as secondary hydronephrosis developed in the pres- 
ence of a patent ureter.'*? Ureteral UC has been reported as 
a secondary effect of radiation,'** and renal pelvis SCC has 
also been noted." 


Renal Pelvis Hemorrhage 


Hemorrhage into the renal pelvis may be associated with 
subepithelial hematoma (Antopol-Goldman lesion).'*° Often 
misdiagnosed as renal pelvic neoplasia, 25 cases of sub- 
epithelial hematoma have been reported. There is a female 
predominance with the ages of patients ranging from 24 to 
84 years.'°*'58 In several cases the cause of the hematoma 
could not be determined, while in others it was shown to be 
secondary to trauma, hypertension, analgesic abuse, or coag- 
ulopathy. In five cases subepithelial hematomas were asso- 
ciated with congenital renal abnormalities.'*°'** Histologic 
findings are nonspecific and consist of subepithelial hem- 
orrhage, which may be associated with peripelvic hemor- 
rhage, renal cortical infarction, or hydronephrosis.'** The 
majority of cases have been treated by nephrectomy or par- 
tial nephrectomy; however, once the diagnosis is established, 
conservative therapy is advocated.'** 

Hemorrhage into the renal pelvis, in the absence of sub- 
epithelial hematoma or neoplasia, has been associated with 
coumadin anticoagulant therapy” and has been recognized 
as a complication of retrograde endopyelotomy.'*° 


Retroperitoneal Fibrosis (Sclerosing 
Retroperitoneal Fibrosis) 


Retroperitoneal fibrosis is typically a diffuse fibrous pro- 
cess that involves the aorta, vena cava, and structures of 
the retroperitoneum. It may be primary or idiopathic or in 
approximately 25% of cases is secondary to autoimmune 
diseases, malignancy, trauma and surgery, chronic infec- 
tion, drugs (methysergide, pergolide, ergotamine, meth- 
yldopa, hydralazine, and beta-blockers), and radiation."! 
There is a prevalence of 1 to 2 cases per 200,000 with a 
male predominance, and although pediatric cases are well 
recognized,'” the majority of patients are 50 to 60 years of 
age at diagnosis.!* 

The pathogenesis of retroperitoneal fibrosis is uncer- 
tain, and the association of secondary forms of the disease 
with hyperimmune states suggests an autoimmune etiology. 
There is also a reported association with asbestosis, autoim- 
mune thyroid disease including Riedel thyroiditis, Wegener 
granulomatosis, mediastinal fibrosis, polyarteritis nodosa, 
systemic lupus erythematosus, sclerosing cholangitis and 
primary biliary cirrhosis, UC, and sclerosing lymphoma.“ 

Clinical features are nonspecific and relate to the struc- 
ture encased in fibrous tissue. Often there is ureteral involve- 
ment, and in neglected cases renal failure is a common 
complication. Laboratory results are similarly nonspecific 
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of sheets of fibroblasts, thick-walled vessels, and a predominantly perivascular chronic inflammatory cell infiltrate. 


with elevated C-reactive protein and erythrocyte sedimenta- 
tion rate, as well as positive antinuclear antibodies being the 
most frequent findings. 

Macroscopically, retroperitoneal fibrosis consists of white 
fibrous plaques that encase retroperitoneal structures. The fibro- 
sis is usually diffuse; however, in occasional cases the fibrosis 
is confined to single organs, and localized ureteral (Fig. 4-17A) 
and perirenal retroperitoneal fibrosis has been reported." 
On microscopic examination (Fig. 4-17B) the lesions consist 
of sheets of fibroblasts showing variable cellularity. There 
is frequently an associated inflammatory infiltrate consist- 
ing predominantly of lymphocytes and plasma cells. In older 
lesions the inflammatory cell infiltrate is less prominent, and 
there is hyalinization, occasionally with dystrophic calcifica- 
tion.'*' Vascular changes resembling vasculitis, with intramural 
inflammatory cells and fibrinoid necrosis, are often present. 

In the majority of cases, there is both a symptomatic and 
clinical response to steroids with a resulting decrease in the 
volume of fibrous tissue.'*' Stenting of ureters is frequently 
necessary, and in cases refractile to steroids, surgical inter- 
vention, consisting of ureteral replacement and autotrans- 
plantation of the kidney may be required. Often the disease 
relapses and long-term follow-up is necessary.'*? In cases of 
secondary retroperitoneal fibrosis, treatment of the primary 
disease process may lead to a reduction in the volume of 
fibrous tissue. 


OTHER LESIONS 


Reactive Atypia Due to Chemotherapeutic Agents 


Topical chemotherapeutic agents such as triethylenethiophos- 
phoramide (thiotepa) and mitomycin C are used to treat 
superficial urothelial cancer of the upper tract and may 
produce urothelial atypia.'*'*’ Reactive urothelial atypia 
may also be caused by chemotherapeutic agents given 


systemically to treat neoplastic and nonneoplastic disorders. 
Among these, cyclophosphamide is known to have signifi- 
cant effects on urothelium and can reactivate polyoma virus 
infection, which morphologically can also mimic carcinoma. 
busulfan, adriamycin, epirubicin, ethoglucid, cisplatin, and 
mitoxantrone are other agents known to cause urothelial 
changes. !*” 

Thiotepa and mitomycin C cause a pronounced necroin- 
flammatory process and mucosal denudation accompanied 
by enlargement, vacuolization, and multinucleation of uro- 
thelial cells. These changes can last for several weeks after 
treatment." Cyclophosphamide produces variable cellular 
and nuclear enlargement, with binucleation and multinucle- 
ation. In these cases, usually there are large, bizarre nuclei 
resembling those seen after radiotherapy. Nuclei are often 
eccentric, irregular in outline, and hyperchromatic, with 
coarse chromatin mimicking carcinoma cells. However, 
unlike carcinoma, there is loss of chromatin texture with 
nuclear pyknosis. Cyclophosphamide may also cause hem- 
orrhagic pyelitis and ureteritis, in addition to cystitis. The 
histologic changes include vascular ectasia with severe 
edema and hemorrhage of the lamina propria, usually asso- 
ciated with necrosis of the epithelial lining, and mucosal 
ulceration. 


Reactive Atypia Due to Instrumentation, Stents, 
and Strictures 


Biopsies from patients with stents or strictures and after 
instrumentation can have atypical changes mimicking urothe- 
lial CIS. In contrast to urothelial CIS, reactive atypia displays 
cellular and nuclear enlargement with prominent nucleoli 
and mitotic activity in the absence of significant pleomor- 
phism and chromatin abnormalities. Immunohistochemistry 
(CK20, P53, and CD44) may be helpful however, correlation 
with morphology is critical due to overlap in immunoprofile 
in reactive versus neoplastic conditions. 
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Figure 4-17 E A: Retroperitoneal fibrosis. The ureter is encased in a dense mat of fibrous tissue. B: Retroperitoneal fibrosis consisting 


Endometriosis and Miillerianosis 


Endometriosis, the benign proliferation of ectopic endome- 
trial mucosa, involves the urinary tract in 2% of reported 
cases." In most of these instances, endometriosis is con- 
fined to the urinary bladder; however, in 16% of cases one 
or both ureters are also involved.'*° In most cases of uri- 
nary tract endometriosis, symptoms of dysuria, frequency, 
recurrent urinary tract infection, and/or renal angle pain are 
reported, although endometriosis confined to the ureter is 
asymptomatic in 60% of patients.!°! 

In endometriosis diffusely spread within the pelvis and in 
the urinary tract, lesions are more commonly found on the 
left side, and it has been speculated that this is a reflection of 
the direction of flow of peritoneal fluid that carries regurgi- 
tated endometrial tissue to ectopic sites." 

In 65% of cases involving the ureters, endometriosis is 
superficial within the overlying peritoneal tissues, and in a 
further 30% of cases, the endometriotic deposits lie adja- 
cent to the ureter. Intramural endometriosis is present in only 
5% of lesions, and these are usually associated with ureteral 
stenosis. !°°'? 

The histologic features of ureteral endometriosis are 
similar to those seen in other organs. Recognizable endo- 
metrial epithelium and stroma may be present, or there may 
be recent hemorrhage and/or aggregates of hemosiderin and 
hemosiderin-laden macrophages (Fig. 4-18). In the latter 
instance CD10 immunohistochemistry is often useful for 
detecting small foci of residual endometrial stroma. Rarely, 
Miillerianosis with endocervicosis or endosalpingiosis can 
be seen as ureteric lesions. In some cases there is associated 
endometriosis.!™ 

Rarely endometrioid adenocarcinoma may arise in ure- 
teral endometriosis, and in one reported case there was no 
evidence of residual endometriosis in the genital tract or 
elsewhere in the urinary tract.'™4 

Management of endometriosis of the ureter is dependent 
on the site of the lesion. Peritoneal deposits are amenable to 


SS) See ARS 


Ficure 4-18 E Endometriosis within the adventitia of the ureter. 
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laparoscopic excision, while intramural endometriosis may 
require ureteral resection and anastomosis.'*!°° 


Amyloidosis 


Primary localized amyloidosis is rarely seen in the urinary 
tract with <50 reported cases involving the renal pelvis and 
ureter.'*°'°§ There is a male predominance, and patients are 
usually >50 years of age, with pyrexia, hematuria, and flank 
pain being common presenting features.’ On imaging, 
ureteral stricture and hydronephrosis are frequent findings. 
This may be unilateral or bilateral and in most cases mimics 
invasive UC.!” Although urinary cytology may provide evi- 
dence of the correct diagnosis,'*’ most cases are diagnosed 
following surgery. 

Histologically, amyloid deposits are interstitial and most 
commonly involve the lamina propria and muscularis. The 
amyloid is usually of the AL type, as demonstrated by con- 
gophilia with resistance to permanganate treatment, and 
on immunohistochemistry consists of lambda light chains. 
Rarely osseous metaplasia may occur.'*? Management usu- 
ally involves surgical resection of the involved segment. 


HYPERPLASIA AND METAPLASIA 


Pyeloureteritis Cystica and Glandularis 


Pyeloureteritis cystica is a cystic dilation of mucosal urothe- 
lial nests (Brunn nests) and is the renal pelvic and ureteral 
equivalent of cystitis cystica. This may be a variant of nor- 
mal histology as it is present in up to 10% of normal ureters 
at autopsy.'® Pyeloureteritis cystica is usually asymptom- 
atic and is more commonly found in female patients and in 
the elderly. There is an association with chronic or recur- 
rent infection (including schistosomiasis), lithiasis, and 
chemical irritants such as formalin instilled for treatment 
of cyclophosphamide-induced cystitis.'°'' Although occa- 
sionally associated with UC and adenocarcinoma, long-term 
follow-up suggests that pyeloureteritis cystica has no malig- 
nant potential and represents a reactive response to chronic 
mucosal irritation. '®' 

In both the renal pelvis and ureter, cystic lesions are 
either confined to the mucosa or form polyps covered 
by urothelium with a loose connective tissue stroma and 
may be visible on radiologic imaging. Intramural cysts 
are lined by urothelium, which, in the case of larger cysts, 
may become attenuated, and there is usually an associated 
chronic inflammatory cell infiltrate (Fig. 4-19). Transition 
of urothelium to mucus-secreting and columnar epithe- 
lium similar to that of the colon is known as pyeloureteritis 
glandularis, and this has been suggested as a precursor to 
adenocarcinoma. !6!-163-164 

Various treatments have been recommended, and in the 
bladder resolution of cystitis cystica has been noted follow- 
ing installation of 2% silver nitrate and with long-term anti- 
biotic treatment. 165166 
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pelvis. 


Pyeloureteral Urothelial Hyperplasia and 
Metaplasia 


Irritation of the renal pelvis and ureter may result in epithe- 
lial hyperplasia or metaplasia. Hyperplasia of the surface epi- 
thelium leads to a thickened flat overgrowth of urothelium.'©’ 
This is seen as a reactive phenomenon but is rarely present 
in bladders with coexisting low-grade urothelial neoplasms. 
In cases where irritation is chronic, squamous metaplasia of 
the urothelium (leukoplakia) may develop. This is most com- 
monly associated with mechanical stimuli such as lithiasis, 
although an association with radiation, xanthogranulomatous 
pyelonephritis, and recurrent infection, including schistoso- 
miasis, is well recognized.!**!°"7° Squamous metaplasia is 
more frequently seen in females, and there is a slight predomi- 
nance of left-sided lesions'®’; however, unlike those seen in the 
bladder, pyeloureteral lesions are usually focal. There is often 
hyperkeratosis and in these cases the term cholesteatoma has 
been applied, and occasionally dystrophic calcification may 
also develop.'”’ The underlying lamina propria usually con- 
tains a variable chronic inflammatory cell infiltrate, and foreign 
body-type giant cells may develop as a response to the implan- 
tation of keratin.!” There is often atypia of metaplastic epithe- 
lial cells, and in 8% to 12% of cases there is an associated SCC. 

Glandular metaplasia usually occurs within foci of pyelo- 
ureteritis cystica, with formation of colonic-type epithelium, 
which may contain Paneth cells and intraluminal mucin.'® 
Goblet cell metaplasia and diffuse glandular metaplasia are 
infrequently seen (Fig. 4-20) and most commonly develop in 
association with lithiasis and chronic infection.” Glandular 
metaplasia may present as a polypoid or sessile mass, and on 
occasion colonic-type glands may be implanted within the 
lamina propria mimicking invasive carcinoma.!” In such cases 
the benign nature of the epithelium may be determined by a 
uniform lack of nuclear atypia. There is, however, an associa- 
tion between glandular metaplasia and adenocarcinoma, and 
this has been reported for both pyeloureteritis glandularis and 
diffuse glandular metaplasia.'” 


4-20 E Glandular metaplasia resembling colonic 
mucosa within the renal pelvis. 


Unusual forms of urothelial metaplasia have been 
reported. miillerian metaplasia has been noted in the ureter 
of an otherwise well 39-year-old female. This was charac- 
terized by metaplasia of surface epithelium, and addition- 
ally Müllerian epithelium-—lined cysts were present within 
the lamina propria.'’° Osseous metaplasia within the ureter 
is rare and in animal models has developed in response to 
ischemia, necrosis, fibrosis, and trauma.'”’ In single cases 
osseous metaplasia has been reported in association with 
amyloidosis and trauma and has also been observed in the 
ureter of a donor kidney, post-transplantation.!°?!”8!” Foci 
of osseous metaplasia may occasionally act as a nidus for 
the formation of stones within the renal pelvis and ureter.'*? 


Nephrogenic Adenoma 


Nephrogenic adenomas are benign lesions of the urothelium 
and lamina propria. The majority of cases are confined to 
the bladder; however, in various series 11% to 31% were 
present in the renal pelvis and ureter, respectively.!8°!* 
There is a male predominance and the age of patients ranges 
from 9 to 75 years, which is a similar age distribution for 
nephrogenic adenoma of the bladder.'*° The pathogenesis is 
uncertain although the frequent association with coexisting 
chronic inflammation and stones supports the suggestion 
that nephrogenic adenoma is a form of urothelial metaplasia. 
It has also been shown that some of the lesions result from 
implanted renal tubular cells.'**1%° 

Nephrogenic adenoma of the renal pelvis is almost always 
an incidental finding on histologic examination of nephrec- 
tomy specimens and has been reported in association with 
tuberculosis, renal calculi, calyceal diverticulum, previous 
surgery, and coexisting urothelial neoplasia.'*°'? 

As with renal pelvic lesions, ureteral nephrogenic adenoma 
is also frequently diagnosed incidentally in resected nephro- 
ureterectomy specimens, although rarely cases are initially 
detected as an incidental finding during radiologic studies.'*° 
Painless hematuria may also be a presenting feature.!*°!* 
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Occasionally ureteral nephrogenic adenoma may lead to proxi- 
mal ureteral dilatation and hydronephrosis,'*’ necessitating 
endoscopic removal. Preexisting conditions associated with 
ureteral nephrogenic adenoma include neuropathic bladder, 
tuberculosis, and UC and cytomegalovirus infection in renal 
transplant patients.'*°!®° The histologic features of ureteral 
and renal pelvic nephrogenic adenoma are similar to those of 
lesions found elsewhere in the urinary tract (see Chapter 5). 


POLYPS, CYSTS, AND OTHER PSEUDOTUMORS 


Fibroepithelial Polyps 


Fibroepithelial polyps are benign mucosal lesions which 
rarely occur in the ureter and renal pelvis. The etiology of 
most fibroepithelial polyps is obscure, but many are consid- 
ered to be either of congenital or inflammatory origin and 
are often associated with calculi. 87188 

Polyps usually occur in young to middle-aged adults, but 
can also occur in children and the elderly, with a higher fre- 
quency in males. Patients present with flank pain, hematuria, 
or evidence of UPJ obstruction. A filling defect is usually 
seen on intravenous urography.!871%° 

Polyps occur most commonly in the renal pelvis, proxi- 
mal ureter, or UPJ. Grossly, one or more fleshy soft polyps 
may be present, and most are round or bilobed and lobulated 
(Fig. 4-21). Histologically the polyps are characterized by 
exophytic projections of fibrous tissue covered by urothe- 
lium with varying degrees of inflammation'®”'** (Fig. 4-22). 


Cysts 


Cysts reported in the upper urinary tract include epidermoid 
cysts of ureter!” and parapelvic cysts.!*! 


Inflammatory Pseudotumor 


Inflammatory pseudotumor, also known as pseudosarcomatous 
myofibroblastic proliferation, inflammatory myofibroblastic 
tumor, and postoperative spindle cell nodule, occurs rarely in 
the upper tract. In contrast to visceral and soft tissue lesions, 
which occur predominantly in children and young adults, 
inflammatory pseudotumor of the urinary tract occurs in a 


Figure 4-21 Œ Ureteral fibroepithelial polyp with surface 
lobulation. 
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Figure 4-22 E Renal pelvis fibroepithelial polyp. The fibrous 
core is covered by urothelium. 


wide age range, but predominantly in adults. !°”!°? These lesions 
from elsewhere in the urinary tract have been shown to have 
anaplastic lymphoma kinase (ALK) gene alterations; however, 
no case reported from the ureter or renal pelvis has shown 
immunostaining for ALK rearrangements.’ ' Although no 
recurrences or metastases were reported in a series of cases 
involving the renal pelvis,'” one case involving the ureter and 
renal pelvis was associated with sarcomatoid UC.'” 
Inflammatory pseudotumor is characterized by a prolif- 
eration of spindle cells admixed with a chronic inflamma- 
tory cell infiltrate, similar to that seen in other locations. 
Three histologic patterns have been reported with lesions 
being described as myxoid vascular, compact spindle cell, 
and hypocellular fibrous. The spindle cells in inflammatory 
pseudotumor display myofibroblastic characteristics and are 
positive for vimentin and smooth muscle actin and variably 
express HHF-35, cytokeratins, desmin, and CD68.'°"'" 


NEOPLASMS | 


The renal pelvis and ureter give rise to a variety of benign and 
malignant neoplasms of both epithelial and mesenchymal 
types. These account for about 9% of all urinary tract neo- 
plasms'™ and 10% to 15% of renal tumors.!**!° Carcinomas 
arising in this location are derived from the urothelium and 
are therefore similar to bladder cancers. Compared to blad- 
der cancers, however, these tumors are less common and may 
be associated with several familial syndromes. Other differ- 
ences include the relative inaccessibility of the renal pelvis 
and ureter to topical therapies and, given the anatomical dif- 
ferences such as thickness of the muscularis, the possibility 
of early metastatic spread. More than 90% of renal pelvic 
and ureteral carcinomas are UCs, with adenocarcinoma and 
SCC being more rarely encountered.'*° Similar to those of 
the bladder, pelviureteral tumors are more common in males 
and in older patients.'”” 
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Epithelial Tumors: Benign 
Urothelial Papilloma 


Rare cases of pelviureteral urothelial papillomas have been 
reported in children and adults.'**' These are usually found 
incidentally although some may present with hematuria, 
and radiologically a filling defect is usually seen. These are 
mostly small lesions measuring a few millimeters in diam- 
eter and being treated by fulguration are not usually sent for 
histopathologic evaluation. 

Histologically these delicate papillary lesions have a thin 
fibrovascular core covered by benign urothelium of normal 
thickness. 


Inverted Papilloma 


Pelviureteral inverted papillomas are rare?! and are more 
frequently seen in the ureter than in the renal pelvis.” These 
occur in adults and there is a male predominance. Some 
inverted papillomas present with gross or microscopic pain- 
less hematuria, flank pain, or colic or may be detected as a 
filling defect seen on intravenous urography. 

Inverted papillomas of the renal pelvis and ureter are 
either sessile or pedunculated polyps, usually measuring 
<3 cm in maximum dimension and having a similar histology 
to those seen in the bladder. 

Inverted papillomas are benign neoplasms usually 
treated by local excision. However, the long-term outcome 
is unknown. Some cases are associated with multicentricity 
and coexistent malignancy,” and for these reasons, long- 
term follow-up is recommended. 


Villous Adenoma 


Tumors similar in morphology to villous adenoma of the 
colon occur in the urinary tract, with rare examples reported 
in the ureter”? and renal pelvis.” These tumors occur in 
adults with a similar incidence in males and females. There 
is an association with renal calculi, long-standing chronic 
inflammation, and intestinal metaplasia, and patients usu- 
ally present with hematuria or flank pain. Abundant mucus 
production and mucus retention causing distension of the 
renal pelvis (muconephrosis) and proximal ureter may also 
occur." Histologically these are papillary exophytic tumors 
with pointed or blunt, finger-like processes lined by pseu- 
dostratified columnar epithelium displaying variable atypia 
(Fig. 4-23). Most adenomas have cytoplasmic mucin and are 
positive for cytokeratins CK7 and CK20, while some are posi- 
tive for carcinoembryonic antigen and epithelial membrane 
antigen (EMA). Patients without coexistent adenocarcinoma 
have an excellent prognosis with no recurrence being reported 
after local excision." Given the rarity of reported cases in 
the upper tract, it is advisable that these patients are followed 
closely, even after apparent complete excision of the lesion. If 
the lesion is not entirely submitted for examination, a definite 
diagnosis of villous adenoma should not be made as there is a 
risk of missing deeper and occult adenocarcinoma. 


edi S A \ 4 


Figure 4-23 E Villous adenoma of the renal pelvis. 


Pheochromocytoma 


Extraadrenal pheochromocytomas or paragangliomas 
develop in the paraganglionic chromaffin cells of the sym- 
pathetic nervous system, and rare cases have been reported 
in the renal pelvis and ureter.” Magnetic resonance imaging 
is now considered preferable to computed tomography scans 
for the diagnosis of these lesions because of increased diag- 
nostic accuracy and because they avoid the possible risk of 
a hypertensive crisis that can be precipitated by intravenous 
contrast medium.?”” 


Epithelial Tumors: Malignant 
Urothelial Carcinoma 


Epidemiology 

UC of the renal pelvis and ureter accounts for about 5% of 
all urothelial tumors of the urinary tract.” Two-thirds of 
the upper tract tumors occur in the renal pelvis, while most 
ureteral cancers occur in the distal ureter.” Pelviureteral 
UC is multifocal in about one-third of patients, but bilat- 
erality is uncommon, seen in only about 3% of patients.” 
These tumors are twice as common in males as in females 
and twice as common in whites as in African-Americans. 
The mean age at presentation for UC is 65 years, and 
tumors are rare in those <40 years of age.” The inci- 
dence of tumors is 0.6 to 1.1 per 100,000 person-years'®’ 
and varies worldwide, with the highest rates found in 
Australia, North America, and Europe and lowest rates 
in South and Central America and Africa.?!°?!! In recent 
years, there appears to have been an increase in the inci- 
dence of UC.” Other studies report an increase in situ 
carcinoma ranging from 7.2% to 23.1% and in invasive ure- 
teral cancers from 0.69 to 0.73 per 100,000 person-years, 
but no change in the incidence of renal pelvic tumors.'°”*!” 
This apparent increase has coincided with an increase in 
ureteroscopic procedures, but may also be associated with 
increased environmental exposure to carcinogens as well as 
the effects of an aging population. 
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The incidence of UC of the upper tract after bladder cancer 
varies between 2% and 13.4%, with most upper tract tumors 
found within 3 to 6 years after the diagnosis of the bladder 
primary. The risk is significantly higher in patients with high- 
grade tumors, multifocal tumors, urothelial CIS, and urethral 
involvement,’ "=" and patients with CIS of the bladder and 
upper tract involvement show high rates of tumor bilaterality.?'° 


Etiopathogenesis 

Genetic Susceptibility. A familial risk has been found in 
some patients with upper tract UC?!*?!7 whose carcinomas 
have identical karyotypic profiles to those of bladder UC.?!8219 
Rearrangements of chromosome 9 resulting in loss of mate- 
rial from 9p, 9q or of the entire chromosome are the most fre- 
quent alterations, seen in 50% to 75% of all patients.?!* Loss 
of material from chromosome arms, 1p, 8p, and 11p, with 
gains of chromosome 7, 1q, and 8q seem to be early changes 
occurring in superficial low-grade tumors, whereas loss of 
material from 17p, formation of isochromosome 5p, and p53 
mutations are seen in more aggressive, invasive tumor phe- 
notypes.”!§?° Mutations of FGFR3, KRT20, UPK2, FXYD, 
3 hTERT, and BIRCS5 have also been reported.””! Upper tract 
UC may also develop as a component of the hereditary non- 
polyposis colorectal cancer (HNPCC) syndrome (Lynch 
syndrome), which is characterized by germline mutations in 
a number of DNA mismatch repair (MMR) genes, detectable 
as microsatellite instability (MSI) or loss of the respective 
protein by immunostaining. MSI occurs in 20% to 31% of 
patients with upper tract UC,”*3 although a recent popu- 
lation-based study from Sweden found an incidence of only 
6% in these tumors.?* About 90% of cases show loss of 
MMR proteins hMSH2, hMLH1, or hMSH6, and in 7% to 
33% of cases, there is alteration of coding sequence micro- 
satellites (TGFbetaRII, Bax, hMSH3, and hMSH6).”*3 These 
tumors have been shown to have significantly different clini- 
cal findings from sporadic upper tract UC, including a high 
prevalence in females and characteristic histopathologic 
features such as frequent papillary and inverted growth pat- 
terns. In one study, an inverted morphology of at least 20% 
of the tumor was found in 65.7% of microsatellite-unstable 
tumors, compared with only 17.5% of microsatellite-stable 
tumors.” Inverted growth in upper tract urothelial cancers 
may serve as a marker lesion for MSI and may assist in iden- 
tifying patients who should be tested for HNPCC.*35 Some 
studies have shown a low tumor stage and grade for these 
tumors,”*?5 while a recent study has shown a high-grade 
potential similar to that in the general population with an 
almost equal gender ratio.” These occur at a younger age 
and are more likely to be in the ureter (Box 4-1). 


Tobacco Smoking. Significantly increased relative risks for 
development of upper tract UC are seen in smokers com- 
pared with nonsmokers.”’*’ The risk of urothelial cancer in 
smokers is higher in the ureter than in the renal pelvis and 
is higher in the renal pelvis, when compared to the urinary 
bladder. 
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Box 4-1 MOLECULAR ALTERATIONS, 


ASSOCIATIONS, AND PREDISPOSING FACTORS 


Genetic susceptibility 
Deletion of part or all of chromosome 9 
Loss of 1p, 8p, and 11p 
Gains of chromosome 7, 1q, and 8q 
Loss of material from 17p, isochromosome 5p 
Mutations of p53, FGFR3, KRT20, UPK2, FXYD3 
and hTERT, BIRC5 
HNPCC syndrome 
Tobacco smoking 
Occupational exposures 
Analgesic abuse 
Balkan and endemic nephropathy 
Thorotrast exposure 
Chronic infection associated with staghorn calculi 
Chinese herbal nephropathy 
Arsenic exposure (blackfoot disease) 


Occupational Exposure. There are several occupational 
exposures linked to renal pelvic cancers. The dry-clean- 
ing, iron, and steel industries are reported as high-risk 
occupations,” and significantly increased risks have also 
been reported in the petrochemical, chemical, and plastic 
industries and from exposure to coal and coke, asphalt, 
and tar.227,229 


Analgesic Abuse. Chronic abuse of analgesics, and espe- 
cially that of phenacetin, is an established risk factor for 
carcinoma of the upper urinary tract.”®”! Regular consump- 
tion of phenacetin-containing analgesics confers a 10-fold 
relative risk in women and four- to eightfold relative risks 
in men for the development of renal pelvic cancer. There 
also appears to be an increased risk from aspirin use among 
women.” There is a synergistic effect, when there is both 
analgesic abuse and tobacco smoking,” with a reduction 
in the incidence of renal pelvic cancer resulting from ces- 
sation of both risk factors. A history of analgesic abuse 
is strongly associated with the presence and severity of dif- 
fuse renal papillary scarring with thickening of the base- 
ment membrane around subepithelial capillaries (capillary 
sclerosis), and this lesion confers an increased risk of UC.7*4 
For both phenacetin and aspirin, a dose effect has been 
observed as moderate consumption doubles the risk of renal 
pelvic cancer, and heavy consumption increases the risk to 
6 to 16 times that for nonconsumers.*” The histologic grade 
of the tumors also tends to rise in a dose-dependent fash- 
ion.” Patients with renal transplants for end-stage analgesic 
nephropathy also have an increased risk of upper tract UC in 
the transplanted kidney.”** 


Balkan Endemic Nephropathy. Balkan endemic nephropathy 
(BEN) is a chronic tubulointerstitial nephritis with notable con- 
centric atrophy of the ureter and renal cortex. BEN is endemic 
in Bosnia, Bulgaria, Croatia, Romania, and Serbia in settle- 
ments around the South Morava River and its tributaries. There 
is evidence that BEN is an environmentally induced disease 
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related to exposure to organic vegetable and/or fungal toxins, 
especially aristolochic acid, in patients with familial metabolic 
abnormalities. The disease has an insidious onset and slow 
progression to terminal renal failure, and patients have an 
increased incidence of upper tract UC.”78 These tumors are 
more likely to be low grade and bilateral when compared to 
those from nonendemic areas,”** and there is an increased risk 
of UC after renal transplantation in these patients.” 


Other Risk Factors. Renal pelvic carcinomas have been 
reported between 14 and 41 years after thorotrast pyelogra- 
phy.” There is also a well-reported association between long- 
standing chronic infection in the presence of staghorn (struvite) 
calculi and renal pelvic UC.™4!* Chinese herb nephropathy, a 
chronic tubulointerstitial nephritis related to use of Chinese 
herbs containing aristolochic acid, is also associated with a 
high risk of UC, and >50% of these tumors occur in the upper 
tract.” An unusually high incidence of upper tract UC has 
been reported from endemic areas for “blackfoot disease” of 
southern Taiwan, due to arsenic contamination of water.” 


Clinical Features 

Gross or microscopic hematuria is the most common presenting 
symptom for upper tract UC, while there may also be dull flank 
pain, resulting from gradual onset of outflow obstruction with 
hydronephrotic distension. Pain may be acute and mimic renal 
colic due to the passage of blood clot or necrotic tumor frag- 
ments. Some patients are asymptomatic at presentation, and the 
tumor is diagnosed as an incidental finding on radiologic evalu- 
ation. Advanced cancers usually present with an abdominal or 
flank mass, weight loss, anorexia, and bone pain.”“°7”” 


Pathology. Diagnosis of upper tract UC is usually made 
with intravenous urography or retrograde pyelography by 
detection of a discrete filling defect. Diagnosis is confirmed 
by cystoscopy and ureteropyeloscopy, with biopsy, while 
cytologic assessment of washings and brushings from the 
upper tract may be useful. Only superficial biopsies are per- 
formed to avoid risk of perforation due to the thinness of the 
muscular walls, and therefore, biopsy samples are usually 
not reliable for staging purposes.” 

Voided urine cytology is positive in 60% of renal pelvic 
UC and in 35% of ureteral UC.” There is a high positive pre- 
dictive value for high-grade lesions including CIS, whereas 
the predictive value for low-grade lesions is <50%,.?°°5! 
Upper tract cytology specimens can be difficult to interpret 
as benign cells in this location frequently have an atypical 
appearance, while lithiasis and inflammation may also result 
in a false-positive diagnosis. In cases with concurrent blad- 
der UC, there is a possibility of contamination of the upper 
tract sample. 

The morphologic characteristics of urothelial dysplasia 
and carcinoma of the upper tract are similar to those tumors 
found in the bladder. 

Urothelial dysplasia (low-grade intraurothelial neopla- 
sia) may not be apparent macroscopically, or there may be 
erythema, erosions, or rarely ulceration. Variable loss of 


Figure 4-24 EŒ Multifocal papillary urothelial carcinoma of 
the renal pelvis. 


polarity and significant cytologic atypia, not severe enough 
to merit a diagnosis of CIS, characterize these lesions." 
CIS (high-grade intraurothelial neoplasia) is a flat lesion 
with nuclear anaplasia similar to high-grade UC. This lesion 
is frequently seen in association with invasive UC, particu- 
larly in patients with analgesic nephropathy.” 
Macroscopically, noninvasive UC may be solitary or mul- 
tifocal, and there is usually distension of the renal pelvis 
or ureter (Figs. 4-24 to 4-26). As for bladder UC, papillary 


Figure 4-25 Œ Papillary urothelial carcinoma of the renal pelvis. 
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Figure 4-26 E A: Noninvasive urothelial carcinoma distends the lumen of the ureter. B: Noninvasive low-grade UC of the ureter. 


noninvasive tumors are classified as papillary urothelial neo- 
plasm of low malignant potential or papillary UC depending 
on the architectural abnormalities and the degree of nuclear 
atypia. 

Invasive UC may be solitary or multifocal and are papil- 
lary, polypoid, solid nodular (Fig. 4-27), ulcerated, or dif- 
fusely infiltrative causing thickening of the renal pelvis or 
ureter. Infiltration of the renal medulla is preceded by in situ 
extension of the UC into collecting ducts (Fig. 4-28), and 
invasive tumors usually form a solid mass involving renal 
parenchyma, which may mimic a primary renal cell carci- 
noma (Fig. 4-29). In advanced cases the carcinoma may infil- 
trate diffusely and often has marked associated desmoplasia 
(Fig. 4-30). Ureteral tumors may be associated with ureteral 
obstruction and proximal hydronephroureter (Fig. 4-31). 

Invasive UC is classified as low grade or high grade depend- 
ing on the degree of nuclear atypia and architectural abnormal- 
ity. As in the bladder, invasion is characterized by suburothelial 
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of the renal pelvis showing a nodular infil- 
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trative pattern. 


nests, clusters, or single cells with a stromal reaction and para- 
doxical differentiation. The stromal reaction can be in the form 
of retraction artifact, desmoplasia, inflammation, or a pseudo- 
sarcomatous reaction. Invasive carcinoma in this location may 
show the entire morphologic spectrum of bladder UC. Lymph 
node metastasis from renal pelvic UC is primarily to the renal 
hilar, paracaval, retrocaval, and para-aortic lymph nodes; from 
the upper two-thirds of the ureter to the paraaortic, retrocaval, 
and interaortocaval nodes; and from the lower ureter, to nodes 
inferior to the aortic bifurcation.” Metastatic spread is most 
commonly to the liver, lungs, and bone,” although rare meta- 
static sites include the heart, skin, and penis.?°°?5’ 

Cytologic evaluation is not useful in distinguishing pap- 
illary from invasive UC as these have similar cytologic 
characteristics. 

High-grade invasive UC, particularly when there is diver- 
gent differentiation, can be difficult to differentiate from 
other invasive carcinomas of the renal pelvis such as poorly 
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Figure 4-28 E High-grade UC of the renal pelvis with in situ 
extension into distal collecting ducts. 
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Figure 4-29 E Advanced UC of the renal pelvis with renal 
infiltration. 


differentiated SCC and adenocarcinoma. High-grade UC 
invading into the renal parenchyma can mimic renal cell car- 
cinoma, and in such instances the detection of urothelial CIS 
or a papillary component can be diagnostically helpful. p63 
immunostaining is of value in differentiating UC from renal 
cell carcinoma as even in poorly differentiated tumors it is 
positive in 96% of upper tract UC, but not in most renal cell 


Figure 4-30 E Kidney with diffusely infiltrative desmoplas- 
tic UC. 


Figure 4-31 E UC of the ureter with dilatation of the proxi- 
mal ureter and hydronephrosis. 


carcinomas.” A PAX8+/p63— immunoprofile supports 
the diagnosis of collecting duct carcinoma with most UC 
showing an inverse pattern of staining. Monoclonal anti- 
bodies against placental S100 protein (S100P) and GATA3 
have also been found useful, as a high percentage of UC is 
positive, whereas clear cell renal cell carcinomas are nega- 
tive. CD10 is positive in about 50% upper tract UC, com- 
pared to 90% of renal cell carcinomas.”*! 

Immunodetection of various antigens has been correlated 
with outcome for upper tract UC. Uroplakin III staining is 
found in a high percentage of UC with loss of expression 
associated with a poor prognosis.”” Ki-67 overexpression 
is significantly correlated with tumor grade and stage and 
is of prognostic value, while p53, matrix metalloproteinase 
MMP-2, and MMP-9 are of limited value in predicting out- 
come. The expression of CD44 isoforms is associated 
with tumor differentiation and progression; however, this is 
not independent of stage.” Alpha-methylacyl-CoA race- 
mase (AMACR) expression may be of prognostic utility, as 
it is most frequent in high stage and high-grade tumors.” 


Morphologic Variants 
Urothelial Carcinoma with Mixed Differentiation 


UC of the renal pelvis may display divergent differentiation, 
and a variety of morphologic patterns may be seen in associa- 
tion with UC. Mixed morphologic patterns are present in about 
40% of high-grade pelvic UC™ with the most common subtype 
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FiGuRE 4-32 E Invasive UC of the ureter (left) showing focal 
squamous differentiation (right). 


being SCC (Fig. 4-32), which comprises 10% of cases.777° 
Foci of other types of differentiation including adenocarcinoma, 
sarcomatoid carcinoma, small cell neuroendocrine carcinoma, 
micropapillary UC, and lymphoepithelioma-like carcinoma 
may also be present. The median survival for patients with these 
tumors is <3 years although a small proportion of patients, who 
present with renal pelvis tumor showing minimal or no infiltra- 
tion of the renal parenchyma, have a more favorable prognosis 
following radical nephrectomy (Box 4-2).”°” 


Microcystic Carcinoma 


Rare cases of a deceptively bland variant of invasive UC 
have been reported in the renal pelvis. In these tumors, there 
are cysts of varying size lined by single or multiple layers of 
cuboidal or flattened cells, with minimal cytologic atypia.” 


Micropapillary Urothelial Carcinoma 


Micropapillary UC is found in about 3% of UC of the 
renal pelvis and ureter. These tumors usually present at an 


Box 4-2 @ HISTOLOGIC VARIANTS OF UC SEEN 


INTHE UPPER TRACT 


UC with squamous differentiation 

UC with glandular differentiation 

Microcystic urothelial carcinoma 

Micropapillary urothelial carcinoma 

UC with inverted growth pattern 

Osteoclast-rich undifferentiated carcinoma 

Urothelial carcinoma with choriocarcinoma or syncytiotro- 
phoblastic giant cells 

Sarcomatoid variant 

Lipid-cell variant 

Lymphoepithelioma-like carcinoma 

Nested variant 

Plasmacytoid variant 

Signet-ring cell 

Clear cell variant 

UC showing rhabdoid differentiation 
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Figure 4-33 E Low-grade UC of the renal pelvis exhibiting a 
prominent inverted growth pattern. 


advanced stage with lymphovascular invasion and distant 
metastasis. The presence of invasive micropapillary UC, 
even focally, appears to indicate a poor clinical course.?”?”! 


Urothelial Carcinoma with Inverted Growth 
Pattern 


Papillary urothelial neoplasms may show an endophytic 
growth pattern, and this should be distinguished from true 
invasion?” (Fig. 4-33). In some cases inverted carcinoma 
extends into the kidney along collecting ducts. These lesions 
have an excellent prognosis following nephrectomy.””’ 


Osteoclast-rich Sarcomatoid Carcinoma 


Sarcomatoid (undifferentiated) carcinoma containing osteo- 
clastic giant cells has been reported in the renal pelvis with 
associated urothelial CIS and/or high-grade papillary UC. 
These tumors are composed of evenly spaced multinucle- 
ated giant cells on a background of ovoid or spindled mono- 
nuclear cells. Multinucleated cells have the morphologic 
and immunohistochemical properties of osteoclasts being 
positive for CD68, leukocyte common antigen, CD51, and 
CD54 and negative for cytokeratins and EMA. These tumors 
are invariably at a high stage at presentation and have a poor 
prognosis.’ 74 


Urothelial Carcinoma with Choriocarcinoma 
or Syncytiotrophoblastic Giant Cells 


UC with trophoblastic differentiation occurs rarely in the 
renal pelvis. A close genetic relationship between these two 
neoplastic components has been documented, pointing to 
clonal evolution of UC with acquisition of trophoblastic dif- 
ferentiation. In these tumors HCG staining is seen within 
the choriocarcinoma and focally within the associated high- 
grade UC. Widespread hepatic and pulmonary metastases 
with choriocarcinomatous features have been reported with 
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these tumors. In some cases there are syncytiotrophoblastic 
giant cells in association with invasive high-grade UC.2*”6 


Sarcomatoid Variant 


Sarcomatoid carcinoma (formerly known as carcinosarcoma) 
is a rare aggressive malignancy composed of epithelial and 
stromal components. Coexisting UC is present in most cases, 
and some tumors display heterologous elements. These 
tumors often coexpress keratins, EMA, and vimentin?” and 
usually present with metastatic disease or advanced involve- 
ment of renal parenchyma. The prognosis is extremely poor 
with most patients dying within 2 years.?””””8 


Lipid-cell Variant 


Rare cases of lipid-cell variant, composed of large epithelial 
cells with abundant clear multivacuolated cytoplasm mimick- 
ing lipoblasts, have been reported in the renal pelvis. Tumor cells 
lack mucin and are strongly positive for cytokeratins 7 and 20 
and EMA. High-grade UC is invariably present. These tumors 
exhibit aggressive behavior and have a poor prognosis.”” 


Lymphoepithelioma-like Carcinoma 


Carcinoma that histologically resembles lymphoepitheli- 
oma-like carcinoma of the nasopharynx and characterized 
by a heavy lymphocytic or mixed inflammatory infiltrate 
has been reported in the upper tract. EB V-encoded RNA has 
not been demonstrated in these tumors, and most are at an 
advanced stage at presentation.” 


Other Variants of Urothelial Carcinoma 


Nested, plasmacytoid, signet-ring cell, and clear cell variants 
of UC, as well as tumors showing rhabdoid differentiation, 
rarely occur in the renal pelvis and ureter.2°778° 784 


Prognosis and Predictive Factors 

Tumor stage and grade are the most significant factors predict- 
ing recurrence and survival. The pT3 stage for renal pelvic UC 
differs from that of the ureter based on anatomical differences 
and includes invasion of the renal parenchyma. Involvement of 
renal tubules without stromal invasion in renal pelvic tumors 
should not be considered pT3. Patients with pT3 tumors, who 
have macroscopic or extensive renal parenchymal and/or fat 
infiltration, appear to have a worse prognosis than those with 
pT3 tumors displaying only microscopic invasion of these 
areas.**586 In some studies, the prognosis of these tumors was 
found to be similar to pT4 cancers.7*>"8° There appears to be no 
significant difference in the stage-specific 5-year survival for 
renal pelvic and ureteral UC.'”’ Although upper tract tumors 
usually present at a higher stage than bladder UC, they have a 
similar behavior to bladder UC of the same stage and grade.”*’ 
The overall 5-year disease-specific survival of patients diag- 
nosed with an upper tract UC has improved over the last 
45 years and currently is about 75%.'°’?** Actuarial 5-year 
disease-specific survival rates by the primary tumor stage are 
95% to 100% for Ta/CIS, 85% to 92% for T1, 75% to 83% 


for T2, and 40% to 60% for T3.'°”882® Patients with stage 
4 tumors have a very poor prognosis with a median survival 
of 6 months.’ The ISUP/WHO grading system for bladder 
UC, incorporated in the 2004 WHO classification of bladder 
tumors,”'°?°°?"! is also applied to UC of the upper tract and has 
prognostic significance. Other independent prognostic factors 
are patient age, sex, race, type of surgical procedure, tumor 
multifocality, and vascular invasion.”88?”° 

Patients with upper tract UC are at risk of developing syn- 
chronous or metachronous tumors in other urothelial loca- 
tions, including the contralateral upper tract.” Ipsilateral 
upper tract recurrence is common in patients managed with- 
out nephroureterectomy, and one-third of patients with UC 
have an upper tract relapse, following percutaneous or ure- 
teroscopic tumor resection, or ablation. The risk of relapse 
is grade dependent as <20% of low grade tumors relapse, 
which compares with >50% of high grade tumors.*™ Between 
20% and 50% of patients with upper tract carcinoma sub- 
sequently develop bladder UC,?°>”* and in particular, those 
with locally resected tumors require lifelong surveillance. 


Treatment 

Open or laparoscopic radical nephroureterectomy or distal 
ureterectomy for distal ureteral tumors is the standard treat- 
ment for all but the lowest risk tumors.” Endoscopic 
resection may be undertaken for small low-grade tumors, 
while BCG and interferon alpha 2B after tumor ablation 
have also been found effective for papillary tumors.*’’ 
Adjuvant radiotherapy, with and without concurrent che- 
motherapy, after tumor resection has been found by some 
to be beneficial for locally advanced cancers’; however, 
others have found that these therapies do not affect the 
outcome of patients with advanced disease.” Surgery and 
subsequent adjuvant chemotherapy, with paclitaxel and car- 
boplatin for locally advanced high-risk upper tract cancers, 
have shown a reduced risk for the development of distant 
metastases.?° 


Squamous Cell Carcinoma 


SCC accounts for 0.5% of renal tumors and 6% to 15% of 
upper tract malignancies.?°7003°! 

Most SCC of the upper tract is associated with chronic 
infection, renal calculi of long duration, and outflow obstruc- 
tion with hydronephrosis. A history of urolithiasis is found in 
25% of patients with SCC of the renal pelvis,'°°*"' and it is 
presumed that chronic irritation and inflammation promotes 
neoplastic transformation. A history of abuse of analgesics 
containing phenacetin produces a risk of SCC higher than that 
of UC. Occasionally SCC is related to a history of external 
beam radiotherapy to the abdominal or pelvic region.” These 
tumors have been associated with paraneoplastic syndromes 
suchas hypercalcemia, leucocytosis, and thrombocytosis.*? 3% 

The age distribution of patients with SCC of the upper tract 
is similar to that seen with UC, with a median age at presenta- 
tion of 72 years.” These tumors are more frequent in females 
in contrast to UC of the upper tract and bladder. Common pre- 
senting symptoms are hematuria and flank pain. Radiologic 
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findings are nonspecific, and solid space-occupying lesion, 
hydronephrosis, and calcification are common. 

Typically, SCC is large and unifocal within the renal 
pelvis or ureter and frequently involves the kidney and 
perinephric tissues. 

Histologically these tumors typically have a solid or 
mixed solid and papillary pattern, while other microscopic 
features are similar to SCC seen in other locations, although 
upper tract tumors are typically high grade. 

Metastatic SCC from another location, such as lung, needs 
to be considered in the differential diagnosis and may require 
clinical investigation for exclusion. UC with squamous dif- 
ferentiation, rather than SCC, is diagnosed when there is any 
associated UC including urothelial CIS.**’ This is of little 
practical importance, however, as there is no significant dif- 
ference in prognosis between patients with pure SCC and 
those with focal areas showing other histology, including UC. 

Tumor stage, but not grade, appears to have strong prog- 
nostic value, as most tumors present at an advanced stage. 
Compared with 62% of UCs, <5% of SCCs are at stage pT2 or 
lower at diagnosis; however, there is no significant difference 
in the disease-specific 5-year survival rates between patients 
with SCC and UC of the same stage.” The outcome for 
patients with advanced upper tract SCC is poor with a mean 
survival in the order of a few months. Bladder SCC and meta- 
chronous contralateral upper tract tumors following surgery 
for an upper tract SCC are more unusual than with upper tract 
UC, and for this reason the value of regular cystoscopy and 
follow-up urography after an upper tract SCC is questionable. 
Vascular invasion, solid tumor growth pattern, and large tumor 
size have prognostic significance, and the most common meta- 
static sites are the regional lymph nodes, lungs, liver, and bone. 

Patients with stage T1 to T2 SCC can be treated with 
radical surgery, and these have a good prognosis. Advanced 
tumors respond poorly to adjuvant or neoadjuvant chemo- 
therapy and radiotherapy.*®* 


Adenocarcinoma 


Adenocarcinoma of the upper tract is rarely seen and 
accounts for <1% of renal pelvic tumors. Males and females 
are equally affected, and predisposing factors include chronic 
irritation, repeated infections, nephrolithiasis, pyeloureteral 
glandularis, and urothelial glandular (intestinal) metapla- 
sia.” Typically, patients present with gross or microscopic 
hematuria, or flank pain. 

Hydronephrosis, with distension of the renal pelvis or 
the involved segment of ureter, with copious thick viscid 
mucus, is a typical finding.*°’ Adenocarcinomas, particularly 
those in elderly patients, may be of the intestinal type and 
can show tubulovillous, mucinous (Fig. 4-34), clear cell, and 
signet-ring cell varieties. Nonintestinal papillary adenocar- 
cinomas account for 7% of adenocarcinomas. These occur 
in a much younger patient population and are characterized 
by the presence of psammoma bodies. 

Metastatic adenocarcinoma, collecting duct carcinoma, 
and UC with glandular differentiation need to be considered 
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in the differential diagnosis. Nonintestinal-type adenocarci- 
noma, which has been postulated to be of collecting duct 
origin, is differentiated from Bellini duct carcinoma by its 
almost entirely renal pelvic location, minimal cytologic 
atypia, and the presence of frequent psammoma bodies. 
Absence of atypia and proliferation in adjacent collecting 
ducts are also helpful feature in differentiation. 

Survival of patients with upper tract adenocarcinoma 
depends on histologic subtype, histology grade, and tumor 
stage at presentation. Tubulovillous adenocarcinomas are the 
most aggressive subtype of adenocarcinoma with a 5-year 
survival rate of <30%. In comparison, mucinous tumors 
have a 5-year survival rate of 67%, while that of papillary 
nonintestinal tumors approaches 100%. Nephrectomy or 
nephroureterectomy is beneficial for lower-stage tumors, 
although most adenocarcinomas are high grade and present 
at a high stage!°°3°S and chemotherapy and/or radiotherapy 
may improve short-term survival. 


Small Cell Carcinoma 


Primary small cell carcinoma of the renal pelvis and ureter is 
very rare and usually presents at an advanced stage.!963!03!! 
These tumors occur in an age group similar to that of UC, 
with a median age at presentation of 62 years. There is a 
female predominance (male to female ratio 1:3.4), and the 
most common presenting symptoms are abdominal pain and 
hematuria. Distant metastases are present in 32% of patients 
at the time of diagnosis.3"! 

Most small cell carcinomas are large at presentation and have 
gross and microscopic features similar to those of small cell neu- 
roendocrine carcinomas from other locations. Neuroendocrine 
markers such as CD56, chromogranin A, synaptophysin, and 
neuron-specific enolase (NSE) are usually positive. 

As with small cell neuroendocrine carcinoma in other 
locations, these tumors have propensity to spread via the 
lymphatics and blood vessels and to infiltrate to lymph nodes 
and distant organs, and death usually occurs within | year of 
diagnosis.*!! Surgery and systemic chemotherapy are the pri- 
mary therapeutic modalities for small cell carcinomas, and 
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the use of platinum-based chemotherapy has been shown to 
improve overall survival.*!! 


Carcinoid Tumor 


Carcinoid tumors have rarely been reported from the ureter?!” 


and renal pelvis.*!? "4 These tumors usually occur in patients 
younger than 50 years of age, and males and females are 
equally affected. Carcinoid syndrome has not been reported 
in association with these tumors, and patients frequently 
present with lymph node metastases. Despite the presence 
of distant metastases, these tumors often have a prolonged 
clinical course.*"* 

Upper tract carcinoids have morphologic features simi- 
lar to those of carcinoid tumors occurring elsewhere, and 
cytologic examination of urine sediment may occasion- 
ally be diagnostic.*'* These tumors are positive for pan- 
cytokeratin, synaptophysin, vimentin, chromogranin, and 
NSE and contain dense core granules on ultrastructural 
examination.?!*3!5 


Mesenchymal Tumors: Benign 
Leiomyoma 


Despite being the most commonly reported benign mes- 
enchymal neoplasms of the ureter and renal pelvis, upper 
tract leiomyomas are rarely seen. These tumors are usu- 
ally found in adults with an average age at presentation of 
44 years, although occasional cases have been reported in 
children.*!*3"8 

The clinical presentation of these tumors is variable, and 
although most are asymptomatic and discovered inciden- 
tally, others present with flank pain, hematuria, upper quad- 
rant mass, outflow obstruction, or hydronephroureter.*!° 

Grossly, leiomyomas are well-circumscribed whorled 
white tumors and may be polypoid, with histologic features 
similar to those of leiomyomas in other organs. Mitotic 
figures are rare (<2 per 10 high-power fields),*'° and occa- 
sionally tumors with cellular atypia resembling bizarre 
(symplastic) leiomyoma of the myometrium are seen.*!” 
Upper tract leiomyomas usually express one or more smooth 
muscle markers (desmin, muscle-specific actin; MSA and 
SMSA), but unlike renal capsular leiomyomas are negative 
for HMB 45.” 


Hemangioma 


Rare cases of sporadic hemangioma have been reported in 
the upper tract, in both adults and children,” while mul- 
tiple renal pelvic hemangiomas may occur as part of the 
Klippel-Trenaunay- Weber syndrome.*” 

These tumors typically present with massive hematuria, 
usually necessitating nephrectomy. Renal pelvic lesions may 
cause UPJ obstruction and hydronephrosis, while pericaly- 
ceal hemangiomas can result in renal papillary necrosis.” 
Histologically upper tract hemangiomas can show a cavern- 
ous, capillary, or fibrous morphology. 


Neurofibroma 


Neurofibromas rarely occur in the renal pelvis.’ Segmental 
neurofibromatosis and solitary neurofibroma involv- 
ing the ureter have also been reported.” These tumors 
may occur sporadically or may be a manifestation of von 
Recklinghausen neurofibromatosis. Patients present with 
flank pain and a mass lesion is usually found on radiologic 
investigation.’ The pathologic features of upper tract neu- 
rofibroma are similar to those seen in other locations. 


Other Tumors 


Hemangiomyoma of the ureter has been reported in a 
child.” Periureteric lipoma*” and benign schwannoma, 
causing extrinsic UPJ obstruction, and hibernoma**' are also 
rare tumors reported in this location. 


Mesenchymal Tumors: Malignant 
Leiomyosarcoma 


Leiomyosarcomas arising in the renal pelvis are rare. These 
tumors occur in adults and are more common in females. 
They usually present at a relatively late stage with gross 
hematuria,*****4 and patient age and stage at diagnosis are 
the strongest predictors for survival. Overall survival for 
leiomyosarcoma in this location is similar to that of UC.’ 


Rhabdomyosarcoma 


Rhabdomyosarcoma of the renal pelvis is extremely 
rare. Botryoid-type pleomorphic rhabdomyosarcoma and 
embryonal rhabdomyosarcoma, producing a polypoid mass 
attached to the renal pelvis, have been reported in adults? 
and children.” 


Other Tumors 


Rare cases of ureteral angiosarcoma have been reported, 
with a case described in a long-term functional renal 
allograft.” Botryoid nephroblastoma of the renal pelvis 
and ureter, with limited parenchymal involvement, occurs 
rarely in the pediatric age group.” These patients pres- 
ent with a flank mass, low-grade fever, abdominal pain, and 
gross hematuria. Radiology displays renal enlargement, with 
typically a heterogeneous mass occupying a dilated pelvical- 
yceal system and ureter. Malignant peripheral nerve sheath 
tumors rarely occur in the renal pelvis.**! Ewing sarcoma/ 
primitive neuroectodermal tumor is a highly malignant tumor 
and has a poor prognosis.” Another malignant mesenchy- 
mal tumor reported in the renal pelvis is malignant fibrous 
histiocytoma, which is an extremely aggressive neoplasm, 
with little response to radiotherapy and chemotherapy.** 

Primary malignant melanoma of the renal pelvis occurs 
in both adults and children.*44*5 These tumors are composed 
of large eosinophilic cells, but are rarely of clear cell type. 
Melanoma in this location is more commonly metastatic and 
is usually part of a disseminated process. 
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Hematopoietic and Lymphoid Tumors 


Lymphomatous involvement of the upper tract usually occurs 
in association with systemic disease, or renal or retroperito- 
neal lymphoma.*4°*“” Rare cases of non-Hodgkin lymphoma 
involving the ureter and renal pelvis have been reported, 
and lymphomatous infiltration of the ureter is an uncommon 
cause of ureteral obstruction.**!°" 

Obstructive nephropathy may result from granulocytic 
sarcoma (chloroma) arising within the renal pelvis.’® 
Ureteral obstruction due to an isolated focus of chronic lym- 
phocytic leukemia has also been reported.’ In a patient with 
a history of leukemia, this possibility needs to be considered 
in the differential diagnosis of urinary obstruction, even in 
the absence of other evidence of active disease, as the treat- 
ment is nonsurgical. 

Plasmacytoma involving the kidney and renal pelvis is a 
rare manifestation of extramedullary plasmacytoma. While 
these tumors may be part of multiple myeloma, in rare cases 
the neoplastic plasma cell proliferation has been confined to 
the renal pelvis, hilar region, and renal capsule.** 


Table 4-3 


PELVIS AND URETER 


Chapter 4 W Pathology of the Renal Pelvis and Ureter 285 


Secondary Tumors 


The majority of ureteropelvic metastatic tumors are of nonu- 
rologic origin and occur as part of widespread dissemination. 
Reported metastatic tumors include testicular seminoma, 
colonic, rectal and gastric adenocarcinoma, pulmonary car- 
cinoma, breast carcinoma, cutaneous melanoma, renal cell 
carcinoma, and tumors of pelvic organs. 


STAGING 


The TNM clinical classification of the American Joint 
Committee on Cancer (AJCC)/Union Internationale Contre 
Le Cancer (UICC) is the most commonly employed staging 
system for tumors of the renal pelvis and ureter?” (Table 4-3). 

The thickness of the suburothelial stroma and muscula- 
ris varies in the calyces, the renal pelvis, and the ureter and 
may cause difficulties in staging of tumors. Further, staging 
of large and often friable pelvicalyceal tumors can be diffi- 
cult, particularly if the tumor is poorly fixed. Large papillary 


TNM CLASSIFICATION OF CARCINOMAS OFTHE RENAL 


Primary Tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Papillary noninvasive carcinoma 

Tis Carcinoma in situ 

Ti Tumor invades subepithelial connective tissue 

V2 Tumor invades muscularis 

18 (Renal pelvis) Tumor invades beyond muscularis into peripelvic fat or renal parenchyma 
(Ureter) Tumor invades beyond muscularis into periureteric fat 

T4 Tumor invades adjacent organs or through the kidney into perinephric fat 


Regional Lymph Nodes (N) 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastases 

N1 Metastasis in a single lymph node, 2 cm or less in greatest dimension 

N2 Metastasis in a single lymph node more than 2 cm but not more than 5 cm 


greatest dimension 


in greatest dimension, or in multiple lymph nodes, none more than 5 cm in 


N3 Metastasis in a lymph node more than 5 cm in greatest dimension 


Distant Metastasis (M) 


MX Distant metastasis cannot be assessed 
Mo No distant metastasis (no pathologic MO: use clinical M to complete stage group) 
M1 Distant metastasis 


Stage Grouping 


Stage Oa Ta NO Mo 
Stage Ois Tis NO Mo 
Stage 1 Ti NO Mo 
Stage 11 12 NO Mo 
Stage 111 TS NO MO 
Stage 1V T4 NO Mo 

Any T N1, N2, N3 MO 

Any T Any N M1 


Stage unknown 
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tumors in this location may have a prominent endophytic 
growth pattern and appear to push into renal sinus fat. This 
raises the possibility of misinterpreting these tumors as inva- 
sive carcinomas. Pagetoid spread of UC into renal tubules 
may also mimic renal parenchymal invasion. It should also 
be noted that tubular spread of carcinoma without invasion 
remains an in situ process, in contrast to renal parenchymal 
invasion, which is classified as pT3 disease. Unlike tumor 
showing renal parenchymal invasion, tumor confined to the 
renal tubules maintains a renal tubular contour and there is 
no stromal reaction.**’ 


SPECIMEN HANDLING | 


Appropriate handling and assessment of specimens is neces- 
sary for accurate diagnosis and evaluation of prognostic fea- 
tures and is crucial for appropriate patient management.** 
Surgical specimens must be accompanied by adequate clini- 
cal history of urologic and nonurologic disease, including 
information regarding previous treatment. 


Biopsy 


Biopsy is obtained with cold cup forceps, diathermy forceps, 
or small diathermy loops. These must be transferred to for- 
malin with minimal handling. The entire biopsy specimen 
must be submitted for processing and multiple sectioning. 
Given the thinness of the wall and relative inaccessibility 
of the upper tract, ureteral and pelvicalyceal biopsies are 
typically small and superficial, sometimes displaying crush 
artifact. Therefore, these may be suboptimal for assessment, 
which may prevent definitive diagnosis. This can also pre- 
vent accurate assessment of the grade and pathologic stage 
of tumors from this location. 


Nephro-ureterectomy 


Frozen section of ureter resection margins may be requested. 
Longitudinal sections or a cross section of the inked ureter 
margin may be examined. 

For nephro-ureterectomy specimens dissection is best 
commenced at the renal hilum following identification of the 
ureter, renal artery, and renal vein. The ureteral and hilar soft 
tissue margins are inked, and a cut, beginning in the renal 
pelvis, is extended to bivalve the kidney and then extended 
through the perinephric fat and down the ureter. The loca- 
tion of any tumor within the pelvicalyceal system or ureter 
is recorded, along with a description of the macroscopic fea- 
tures, dimensions, depth of invasion, involvement of renal 
parenchyma, renal sinus, perinephric fat, hilar lymph nodes, 
and blood vessels, and distance from the surgical resection 
margins. Photographs of the opened specimen are desirable. 
Tissues demonstrating the tumor and its relationship to renal 
parenchyma and peripelvic/periureteral soft tissue are sub- 
mitted for histology. Separate sections of the resection mar- 
gins (ureteral, closest hilar soft tissue, and perinephric) and 
representative sections of nonneoplastic kidney, renal pelvis 


and ureter, renal sinus, hilar lymph nodes (if present), and 
hilar blood vessels are also taken. 


Ureterectomy 


The cut margins are inked and both ends are submitted for 
separate evaluation. The entire ureter is then opened, and 
careful inspection of the ureteral mucosa and wall is under- 
taken. Any tumor is identified and the distance to the resec- 
tion margins is recorded along with the macroscopic level of 
invasion and involvement of periureteral soft tissues. Several 
blocks of the tumor are submitted, and these should include 
the closest approach to the periureteral soft tissue margin. 


REPORTING 


College of American Pathologists guidelines should be used 
in reporting (Box 4-3). 


Box 4-3 @ COLLEGE OF AMERICAN 
PATHOLOGISTS GUIDELINES 


URETER, RENAL PELVIS: Biopsy 
Specimen 

Specimen Laterality 

Histologic Type 

Associated Epithelial Lesions 
Histologic Grade 

Tumor Configuration 

Adequacy of Material for Determining T Category 
Microscopic Tumor Extension 
Pathologic Staging (oO TNM) 
Additional Pathologic Findings 


RENAL PELVIS: Resection/Nephro-ureterectomy, 
Partial or Complete 

Procedure 

Specimen Laterality 

Tumor Size 

Histologic Type 

Associated Epithelial Lesions 

Histologic Grade 

Microscopic Tumor Extension 

Tumor Configuration 

Margins 

Lymphovascular Invasion 

Pathologic Staging (oTNM) 

Additional Pathologic Findings 

Pathologic Findings in Non-neoplastic Kidney 


URETER: Resection 
Procedure 

Specimen Laterality 

Tumor Size 

Histologic Type 

Associated Epithelial Lesions 
Histologic Grade 

Microscopic Tumor Extension 
Tumor Configuration 

Margins 

Lymphovascular Invasion 
Pathologic Staging (po TNM) 
Additional Pathologic Findings 
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Biopsy 


The biopsy report should record the tissues present. In case 
of malignancy, tumor type, and ISUP/WHO grade, the extent 
of invasion into the different layers and presence of vascular, 
lymphatic, and perineural invasion must be recorded. It is 
also important to report the adequacy of the specimen and 
the presence of any urothelial denudation. 


Nephro-ureterectomy 


The histologic report of nephroureterectomy specimens 
should contain a description of the location, size, morpho- 
logic features, grade, and stage of tumor, detailing the extent 
of invasion into the layers of the renal pelvic or ureteral wall. 
The report should also note any involvement of the renal 
parenchyma and renal sinus, the presence of vascular lym- 
phatic and perineural invasion, and adequacy of resection. 


Ureterectomy 


The location, size, and distance to resection margins of any 
tumor should be recorded in addition to the histologic type, 
grade, and extent of invasion into the different layers. Any 
vascular, lymphatic, and perineural invasion should be noted 
along with an assessment of the completeness of resection. 


REFERENCES 


1. Hanna MK, Jeffs RD, Sturgess JM, et al. Ureteral structure and 
ultrastructure. Part 1 the normal human ureter. J Urol 1976;116:718. 

2. Woodburne RT. The ureter, ureterovesical junction and vesical trigone. 
Anat Rec 1965;151:243. 

3. Motola JA, Shahon RS, Smith AD. Anatomy of the ureter. Urol Clin 
North Am 1988;15:295. 

4. Notley RG. The musculature of the human ureter. Br J Urol 
1970;40:724. 

5. Marshall FF. Embryology of the lower genitourinary tract. Urol Clin 
North Am 1978;5:3. 

6. Gyllensten L. Contributions to embryology of the urinary bladder: 
development of definitive relations between openings of the Wolffian 
ducts and ureters. Acta Anat 1949;7:305. 

7. Vainio S, Muller U. Inductive tissue interactions, cell signaling and the 
control of kidney organogenesis. Cell 1997;90:975. 

8. Baker LA, Gomez RA. Embryonic development of the ureter and blad- 
der. Acquisition of smooth muscle. J Urol 1998;160:545. 

9. Alcarez A, Vinaita F, Tejedo-Mateu A, et al. Obstruction and recanaliza- 
tion of the ureter during embryonic development. J Urol 1991;145:410. 

10. Kirks DR, Currarino G, Weinberg AG. Transverse folds in the proximal 
ureter: a normal variant in infants. AJR Am J Roentgenol 1978;130:463. 

11. Rabinowitz R, Kingston TE, Wesselhoeft C, et al. Ureteral valves in 
children. Urology 1998;51:7. 

12. Magee MC, Lucey DT, Fried FA. A new embryologic classification for 
urogynecologic malformations: the syndromes of mesonephric duct 
induced mullerian deformities. J Urol 1979;121:265. 

13. Stroup NE, Edmonds L, O’Brien TR. Renal agenesis and dysgenesis: 
are they increasing? Teratology 1990;42:383. 

14. Shieh CP, Hung CS, Wei CF, et al. Cystic dilatations within the 
pelvis in patients with ipsilateral renal agenesis or dysplasia. J Urol 
1990;144:324. 

15. Stephens FD. Anatomical vagaries of double ureters. In: Webster R, 
ed. Congenital Malformations of the Rectum, Anus and Genitourinary 
Tracts. Edinburgh, UK: Livingstone; 1963:171-177. 


16. 


17. 


18. 


19. 


20. 


21. 


22: 


23. 


24. 


25: 


26. 


2T; 


28. 


29. 


30. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


Chapter 4 W Pathology of the Renal Pelvis and Ureter 287 


Fernbach SK, Feinstein KA, Spencer K, et al. Ureteral duplication and 
its complications. Radiographics 1997;17:109. 

Lenaghan D. Bifid ureters: an anatomical physiological and clinical 
study. In: Webster R, ed. Congenital Malformations of the Rectum, 
Anus and Genitourinary Tracts. Edingburgh, UK: Livingstone; 
1963:196-208. 

Pope JC, Brock JW, Adams MC, et al. How they begin and how they 
end. Classic and new theories for the development and detection of 
congenital anomalies of the kidney and urinary tract, CAKUT. J Am 
Soc Nephrol 1999;10:2018. 

Lam JS, Breda A, Schulam PG. Ureteropelvic junction obstruction. 
J Urol 2007;177:1652. 

Karaca I, Sencan A, Mir E, et al. Ureteral fibroepithelial polyps in 
children. Pediatr Surg Int 1997;12:603. 

Dewan PA, Penington E, Jeyaseelan D. Upper pole pelviureteric 
junction obstruction. Pediatr Surg Int 1998;13:290. 

Aslam M, Watson AR. Unilateral multicystic dysplastic kidney: long 
term outcomes. Arch Dis Child 2006;91:820. 

Subramaniam R, Lama T, Chong CY. Pelviureteric junction obstruction 
as a sequelae of Kawasaki disease. Pediatr Surg Int 2004;20:553. 
Dewan PA, Ng KP, Ashwood PJ. The relationship of age to pathol- 
ogy in pelviureteric junction obstruction. J Paediatr Child Health 
1998;34:384. 

Johnston JH, Evans JP, Glassberg KI, et al. Pelvic hydronephrosis in 
children: a review of 219 personal cases. J Urol 1977;117:97. 

Le Normand L, Buzelin J-M, Bouchot O, et al. Upper urinary tract: 
physiology, pathophysiology of obstructions and clinical investigations. 
Ann Urol (Paris) 2005;39:30. 

Ylinen E, Ala-Houhala M, Wikstrom S. Outcome of patients with 
antenatally-detected pelviureteric junction obstruction. Pediatr Nephrol 
2004; 19:880. 

Gosling JA, Dixon JS. Functional obstruction of the ureter and renal 
pelvis. A histological and electron microscopic study. Br J Urol 
1978;50:145. 

Starr NJ, Maizels M, Chou P, et al. Microanatomy and morphometry 
of the hydronephrotic obstructed renal pelvis in asymptomatic infants. 
J Urol 1992;148:519. 

Kaneto H, Orikasa S, Chiba T, et al. Three-D muscular arrangement at 
the ureteropelvic junction and its changes in congenital hydronephro- 
sis. A stero-morphometric study. J Urol 1991;146:909. 


. Kuvel M, Canguven O, Murtazaoglu M, et al. Distribution of Cajal like 


cells and innervation in intrinsic ureteropelvic junction obstruction. 
Arch Ital Urol Androl 2011;83:128-132. 

Harish J, Joshi KLN, Rao KL, et al. Pelviureteric junction obstruction: 
how much is the extent of the upper ureter with defective innervation 
needing resection? J Pediatr Surg 2003;38:1194. 

Yang Y, Zhou X, Gao H, et al. The expression of epidermal growth fac- 
tor and transforming growth factor beta 1 in the stenotic tissue of uro- 
genital pelvi-ureteric junction obstruction in children. J Pediatr Surg 
2003;38:1656. 

Jaswon MS, Dibble L, Puri S, et al. Prospective study of outcome in 
antenatally diagnosed renal pelvis dilatation. Arch Dis Child Fetal 
Neonatal Ed 1999;80:135. 

Takeyama J, Sakai K. Mucosal abnormalities in congenital ureteropelvic 
junction obstruction. Histopathology 2007;51:716. 

Foote JW, Blennerhassett JB, Wiglesworth FW, et al. Observations on 
the ureteropelvic junction. J Urol 1970;104:252. 

Schoborg TW, Florence TJ. Ureteral diverticulosis. J Urol 1976; 
116:107. 

Rank WB, Mellinger GT, Spiro E. Ureteral diverticula: etiologic con- 
sideration. J Urol 1906;83:566. 

Scarcello NS, Kumar S. Multiple ureteral diverticula. J Urol 
1971;106:36. 

Summers JL, Keitzer WA, Hathaway TR. Multiple ureteral diver- 
ticula. Case report with a discussion of etiology. Ohio State Med J 
1972;68:1027. 

Lester PD, Kyaw MM. Ureteral diverticulosis. Roentgenologic mani- 
festation of ureteritis. Radiology 1973;106:77. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


288 


42. 
43. 


44. 


44. 


46. 


47. 


48. 


49. 
50. 
5i: 


22: 


53. 


54. 


55. 


56. 


57: 
58. 


59, 


60. 


6l. 


62. 
63. 


64. 


65. 
66. 
67. 
68. 


69. 


Urological Pathology 


Blane CE, Zerin JM, Bloom DA. Bladder diverticula in children. 
Radiology 1994;190:695. 

Yu TJ. Extravesical diverticuloplasty for the repair of a paraureteral 
diverticulum and the associated refluxing ureter. J Urol 2002;168:1135. 
Tokunaka S, Koyanagi T, Matsuno T, et al. Paraureteral diverticula: 
clinical experience with 17 cases with associated renal dysmorphism. 
J Urol 1980;124:791. 

Atwell JD, Allen NH. The interrelationship between paraureteric diver- 
ticula, vesicoureteric reflux and duplication of the pelvicaliceal collect- 
ing system: a family study. Br J Urol 1980;52:269. 

Rickwood AMK, Reiner I, Jones M, et al. Current management of 
duplex-system ureteroceles: experience with 41 patients. Br J Urol 
1992;70:196. 

Pohl HG, Joyce GF, Wise M, et al. Vesicoureteral reflux and uretero- 
celes. J Urol 2007;177:1659. 

Tokunaka S, Gotoh T, Koyanagi T, et al. Morphological study of the 
ureterocele: a possible clue to its embryogenesis as evidenced by a 
locally arrested myogenesis. J Urol 1981;126:726. 

Glassberg KI, Braren V, Duckett JW, et al. Suggested terminology for 
duplex systems, ectopic ureters and ureteroceles. J Urol 1984;132:1153. 
Friedland GW, Cunningham J. The elusive ectopic ureterocele. AJR Am 
J Roentgenol 1972;116:792. 

Merlini E, Lelli Chiesa P. Obstructive ureterocele — an ongoing chal- 
lenge. World J Urol 2004;22:107. 

Devy JB, Vandersteen DR, Morgenstern BZ, et al. Hypertension after 
surgical management of renal duplication associated with an upper pole 
ureterocele. J Urol 1997;158:1241. 

King LR. Megaloureter: definition, diagnosis and management. J Urol 
1980;123:222. 

Berrocal T, Lopez-Pereira P, Arjonilla A, et al. Anomalies of the distal 
ureter, bladder, and urethra in children: embryologic, radiologic and 
pathologic features. Radiographics 2002;22:1139. 

Jerkins GR, Noe HN. Familial vesicoureteral reflux: a prospective 
study. J Urol 1982;128:774. 

Lee BR, Silver RI, Partin AW, et al. A quantitative histologic analysis of 
collagen subtypes: the primary obstructed and refluxing megaureter of 
childhood. Urology 1998;51:820. 

Shokeir AA, Nijman RJM. Primary megaureter: current trends in diag- 
nosis and treatment. BJU Int 2000;86:861. 

Meyer JS, Lebowitz RL. Primary megaureter in infarcts and children: a 
review. Urol Radiol 1992;14:296. 

Dixon JS, Jen PYP, Yeung CK, et al. The vesicoureteric junction in 
three cases of primary obstructive megaureter associated with ectopic 
ureteric insertion. Br J Urol 1998;81:580. 

MacKinnon KJ. Primary megaureter. Birth Defects Orig Artic Ser 
1977;13:15. 

Nicotina PA, Romeo C, Arena F, et al. Segmental up-regulation of 
transforming growth factor-beta in the pathogenesis of primary mega- 
ureter. An immunohistochemical study. Br J Urol 1997;80:946. 
Baskin LS, Zderic SA, Snyder HM, et al. Primary dilated megaureter: 
long term follow-up. J Urol 1994;152:618. 

Belman AB. Megaureter. Classification, etiology and management. 
Urol Clin North Am 1974;1:497. 

Tokunaka S, Koyanagi T. Morphologic study of primary nonrefluxing 
megaureters with particular emphasis on the role of ureteral sheath and 
ureteral dysplasia. J Urol 1982;128:399. 

Hanna MK. Ureteral structure and ultrastructure. Part V. The dysplastic 
ureter. J Urol 1979;122:796. 

Kirpatovski VI, Mudraia IS, Pugachev AG, et al. Contractile function 
of ureter in its anomalies in children. Urologila 1999;4:12. 
Derevianko IM, Derevianko TI. Segmentary dysplasia of the perivesi- 
cal portion of the ureter. Urol Nefrol (Mosk) 1997;1:19. 

Pugacher AG, Kudriavtsev IV, Pavlov AI, et al. Neuromuscular dyspla- 
sia of the ureters in children. Urol Nefrol (Mosk) 1993;1:16. 

Cauchi JA, Chandran H. Congenital ureteric structures: an uncom- 
mon cause of antenatally detected hydronephrosis. Pediatr Surg Int 
2005;21:566. 


70. 


TA; 
72. 


73. 


74. 


T3: 


76. 


Ade 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


Ruano-Gil D, Tejedo-Mateu A. Human embryo (12 mm) with 
mesohydronephrosis and ureterohydronephrosis. Acta Anat 1975;93:135. 
Allen TD. Congenital ureteral strictures. J Urol 1970;104:196. 

Plotz FB, van Essen AJ, Bosschaart AN, et al. Cerebro-costo- 
mandibular syndrome. Am J Med Genet 1996;62:286. 

Cholkeri-Singh A, Narepalem N, Miller CE. Laparoscopic ureteral 
injury and repair: case reviews and clinical update. J Minim Invasive 
Gynecol 2007;14:356. 

Carl P, Stark L. Indications for surgical management of genitourinary 
tuberculosis. World J Surg 1997;21:505. 

Kubo M, Taguchi K, Fujisue H, et al. Hydronephrosis as a complication 
of appendicitis: a case report. Hinyokika Kiyo 1996;42:679. 

Tremps Velazquez E, Ramon Dalmou M, Garcia Rojo D, et al. Ureteral 
stenosis secondary to Churg-Strauss allergic granulomatous vasculitis. 
Arch Esp Urol 1997;50:82. 

Awakura Y, Mizutani Y, Kakehi Y, et al. A case of localized amyloidosis 
of the ureter. Hinyokika Kiyo 1996;42:135. 

Fernandez Gonzalez I, Serrano Pascual A, Garcia Cuerpo E, et al. 
Endometriosis: the cause of hematuria in the dysfunctional ureter. Arch 
Esp Urol 1997;50:881. 

Giessing M. Transplant ureter stricture following renal transplantation: 
surgical options. Transplant Proc 2011;43:383. 

Nonira Y, Feki W, Kallel Y, et al. Ureteric valves: a report of two cases. 
Ann Chir 2006;131:567. 

Maizels M, Stephens FD. Valves of the ureter as a cause of primary 
obstruction of the ureter: embryologic and clinical aspects. J Urol 
1980;123:742. 

Dorph S, Horn T, Steven K. Transverse folds of the adult obstructed 
ureter. Case report. Scand J Urol Nephrol 1994;157:153. 

Lincke P, Bassler R, Funke R. Morphology of sub-pelvic ureter folds in 
childhood. Pathogenesis of infantile hydronephrosis. Pathologe 1980;1:147. 
Stamm WE, Hooten TM. Management of urinary tract infections in 
adults. N Engl J Med 1993;329:1328. 

Modi P, Goel R. Synchronous endoscopic management of bilateral kid- 
ney and ureter fungal bezoar. Urol Int 2007;78:374. 

Wise GJ, Talluri GS, Marella VK. Fungal infections of the genitouri- 
nary system: manifestations, diagnosis and treatment. Urol Clin North 
Am 1999;26:701. 

Barnes R, Masood S, Lammert N, et al. Extragenital granuloma ingui- 
nale mimicking a soft-tissue neoplasm: a case report and review of the 
literature. Hum Pathol 1990;21:559. 

Koroku M, Tanda H, Katoh S, et al. Malakoplakia of the ureter and 
bladder. Hinyokika Kiyo 2005;51:183. 

Long JP, Althausen AF. Malacoplakia: a 25-year experience with a 
review of the literature. J Urol 1989;141:1328. 

Sozer IT. A rare localization of malakoplakia: renal pelvis. J Urol 
1966;95:746. 

Chenonfi MB, Moalla R, Petrov N, et al. A triple association: renal 
malacoplakia, bilateral vulvar hypertrophy, upper limb algodystrophy. 
Ann Urol (Paris) 1998;32:138. 

Kato T, Suzuki Y, Sugimura J, et al. A cases of ureterovesical malako- 
plakia that manifested hydronephrosis. Hinyokika Kiyo 2001;47:195. 
Teahan SJ, OMalley KJ, Little DM, et al. Malacoplakia of transplant 
ureter resulting in an anuric renal failure. J Urol 1999;162:1375. 
Suzuki K, Sotoma T, Umemiya, et al. Ureteral malakoplakia: a case 
report. Hinyokika Kiyo 1996;42:131. 

Tsung SH. Urinary sediment cytology: potential diagnostic tool for 
malakoplakia. Urology 1982;20:546. 

Halpern GN, Kalles DW, Factor S, et al. Malacoplakia causing bilateral 
ureteropelvic junction obstruction. Urology 1974;3:628. 

Joos H, Frick J. Malacoplakia of the kidney and urinary bladder. Eur 
Urol 1983;9:372. 

Tamboli P, Ro JY, Amin MB, et al. Benign tumors and tumor-like 
lesions of the adult kidney. Part II: benign mesenchymal and mixed 
neoplasms and tumor-like lesions. Adv Anat Pathol 2000;7:47. 

Breda G, Artibani W, Vancini P, et al. Ultrastructural features in a case 
of ureteric malakoplakia. Eur Urol 1977;3:132. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


100. 


101. 


102. 


103. 
104. 
105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


Dohle GR, Zwartendijk J, Van Krieken JH. Urogenital malakoplakia 
treated with fluoroquinolones. J Urol 1993;150:1518. 

Pearle MS, Clahoun EA, Curhan GC, et al. Urologic diseases in 
America project: urolithiasis. J Urol 2005;173:848. 

Balaji KC, Menon M. Mechanism of stone formation. Urol Clin North 
Am 1997;24:1. 

Scheinman SJ. Nephrolithiasis. Semin Nephrol 1999;19:381. 

Hinman F. Directional growth of renal calculi. J Urol 1979;121:700. 
Segura JW, Preminger GM, Assimos DG, et al. Ureteral Stones Clini- 
cal Guidelines Panel summary report on the management of ureteral 
calculi. The American Urological Association. J Urol 1997;158:1915. 
Glowacki LS, Becroft ML, Cook RJ, et al. The natural history of 
asymptomatic urolithiasis. J Urol 1992;147:319. 

Ozdamar AS, Ozkurkcugil C, Gultekin Y, et al. Should we get 
routine urothelial biopsies in every stone surgery? Int Urol Nephrol 
1997;29:415. 

Yeh CC, Lin TH, Wu HC, et al. A high association of upper tract tran- 
sitional cell carcinoma with non-functioning kidney caused by stone 
disease in Taiwan. Urol Int 2007;79:19. 

Chow W-H, Lindblad P, Grindley G, et al. Risk of urinary tract cancers 
following kidney or ureter stones. J Natl Cancer Inst 1997;89:1453. 
Shah HN, Jain P, Chibber PJ. Laparoscopic nephrectomy for giant 
staghorn calculus with non-functioning kidneys: is associated unsus- 
pected urothelial carcinoma responsible for conversion? Report of 
2 cases. BMC Urol 2006;6:1. 

Shaeff M, Fociani P, Badenoch D, et al. Verrucous carcinoma of the 
renal pelvis: case, presentation and review of the literature. Virchows 
Arch 1996;428:375. 

Kayaselcuk F, Bal N, Guvel S, et al. Carcinosarcoma and squamous 
cell carcinoma of the renal pelvis associated with nephrolithiasis: a 
case report of each tumor type. Pathol Res Pract 2003;199:489. 

Kim TS, Seong PH, Ro JY. Small cell carcinoma of the ureter with 
squamous cell and transitional cell carcinomatous components associ- 
ated with ureteral stone. J Korean Med Sci 2001;16:796. 

Churg J, Churg A. Idiopathic and secondary vasculitis: a review. Mod 
Pathol 1989;2:144. 

Melin JP, Lemaine P, Birembaut P, et al. Polyarteritis nodosa with 
bilateral ureteric involvement. Nephron 1982;32:87. 

Casserly LF, Reddy SM, Rennke HG, et al. Reversible bilateral hydro- 
nephrosis without obstruction in hepatitis B—associated polyarteritis 
nodosa. Am J Kidney Dis 1999;34:e11. 

de la Prada Alvarez FJ, Prados Gallardo AM, Tugores Vazquez A, 
et al. Schénlein-Henoch nephritis complicated with pulmonary renal 
syndrome. An Med Interna 2005;22:441. 

Tremps Velazquez E, Ramon Dalmau M, Garcia Rojo D, et al. Ureteral 
stenosis secondary to Churg-Strauss allergic granulomatous vasculi- 
tis. Arch Esp Urol 1997;50:82. 

Rich LM, Piering WF. Ureteral stenosis due to recurrent Wegener’s 
granulomatosis after kidney transplantation. J Am Soc Nephrol 
1994;4:1516. 

Davenport A, Downey SE, Goel S, et al. Wegener’s granulomatosis 
involving the urogenital tract. Br J Urol 1996;78:354. 

Fernandez Garcia ML, de la Fuentes Buceta A, Gomez Rodriguez N, 
et al. Ureteral stenosis caused by systemic sclerosis. Arch Esp Urol 
1999;52:881. 

Benson CH, Pennebaker JB, Harisdangkul V, et al. Spontaneous ure- 
teral rupture in a patient with systemic lupus erythematosus. South 
Med J 1983;76:1053. 

Borrelli M, Prado MJ, Cordeiro P, et al. Ureteral necrosis in dermato- 
myositis. J Urol 1988;139:1275. 

Santucci RA, Wessells H, Bartsch G, et al. Evaluation and manage- 
ment of renal injuries: consensus statement of the renal trauma sub- 
committee. BJU Int 2004;93:937. 

Kawashima A, Sandler CM, Corl FM, et al. Imaging of renal trauma: 
a comprehensive review. Radiographics 2001;21:557. 

Titton RL, Gervais DA, Hahn PF, et al. Urine leaks and urinomas: 
diagnosis and image-guided intervention. Radiographics 2003;23:1133. 


127. 


128. 


129. 


130. 


131. 


132. 


133; 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151; 


152. 


Chapter 4 W Pathology of the Renal Pelvis and Ureter 289 


Cormio L, Ruutu M, Selvaggi FP. Prognostic factors in the 
management of ureteric injuries. Ann Chir Gynaecol 1994;83:41. 
Elliott SP, McAninch JW. Ureteral injuries: external and iatrogenic. 
Urol Clin North Am 2006;33:55. 

Masier U, Ehrenbock PM, Hofbauer J. Late urological complications 
and malignancies after curative radiotherapy for gynecological carcino- 
mas. A retrospective analysis of 10,709 patients. J Urol 1997;158:814. 
Taylor JS. The behaviour of the ureters following radiotherapy and 
Wertheim hysterectomy. Br J Urol 1977;49:203. 

Buglione M, Toninelli M, Pietta N, et al. Post-radiation pelvic disease 
and ureteral stenosis: pathophysiology and evolution in the patient 
treated for cervical carcinoma. Review of the literature and experi- 
ence of the Radium Institute. Arch Ital Urol Androl 2002;74:6. 

van Kampen M, Eble MJ, Krempien R, et al. Influence of irradi- 
ated volume on ureteral injury after intraoperative radiation therapy: 
experimental study in dogs. Radiology 2003;228:139. 

Suresh UR, Smith VJ, Lupton EW, et al. Radiation disease of the uri- 
nary tract: histological features of 18 cases. J Clin Pathol 1993;46:228. 
Saito M, Kondo A, Kato T, et al. Radiation-induced urothelial carci- 
noma. Urol Int 1996;56:254. 

Weshler Z, Sulkes A, Kopolovic J. Squamous cell carcinoma of the 
renal pelvis as a late complication of hepatic irradiation: a case report. 
J Surg Oncol 1983;22:84. 

Deffan P, Morel D, Basseau F, et al. Antopol-Goldman lesion: a rare 
course of hematuria. Nephrol Ther 2005;1:131. 

Villar-Pastor CM, López-Beltrán A, Alvarez-Kindelan J, et al. Subepi- 
thelial hemorrhage of renal pelvis (Antopol-Goldman Lesion). Report 
of 4 cases and review of the literature. Actas Urol Esp 2000;24:805. 
Iczkowski KA, Sweat SD, Bostwick DG. Subepithelial pelvic hema- 
toma of the kidney, clinically mimicking cancer: report of six cases 
and review of the literature. Urology 1999;53:276. 

Danaci M, Kesici GE, Kesici H, et al. Coumadin-induced renal and 
retroperitoneal hemorrhage. Ren Fail 2006;28:129. 

Wagnor JR, D’Agostino R, Babyan RK. Renal arterioureteral 
hemorrhage: a complication of acucise endopyelotomy. Urology 
1996;48:139. 

Vaglio A, Salvarani C, Buzio C. Retroperitoneal fibrosis. Lancet 
2006;367:241. 

Miller OF, Smith LJ, Ferrara LJ, et al. Presentation of idiopathic 
retroperitoneal fibrosis in the pediatric population. J Pediatr Surg 
2003;38:1685. 

Li KP, Zhu J, Zhang JL, et al. Idiopathic retroperitoneal fibrosis 
(RPF): clinical features of 61 cases and literature review. Clin Rheu- 
matol 2011;30:601. 

Uibu T, Okso P, Auvinen A, et al. Asbestos exposure as a risk factor 
for retroperitoneal fibrosis. Lancet 2004;363:1422. 

Triantopoulou C, Rizos S, Bourli A, et al. Localized unilateral perire- 
nal fibrosis. CT and MRI appearances. Eur Radiol 2002;12:2743. 
Bassi P, Iafrate M, Longo F, et al. Intracavitary therapy of non-invasive 
transitional cell carcinoma of the upper urinary tract. A review of the 
literature. Urol Int 2001;67:189. 

Lopez-Beltran A, Luque RJ, Mazzucchelli R, et al. Changes produced 
in the urothelium by traditional and newer therapeutic procedures for 
bladder cancer. J Clin Pathol 2002;55:641. 

Wong TM, Yeo W, Chan LW, et al. Hemorrhagic pyelitis, ureteritis and 
cystitis secondary to cyclphosphamide: case report and review of the 
literature. Gynaecol Oncol 2000;76:223. 

Chapron C, Chopin N, Borghese B, et al. Deeply infiltrated endome- 
triosis: pathogenetic implications of the anatomical distribution. Hum 
Reprod 2006;21:1839. 

Frenna V, Santos L, Ohana E, et al. Laparoscopic management of 
ureteral endometriosis: our experience. J Minim Invasive Gynecol 
2007;14:169. 

Carmignani L, Vercellini P, Spinelli M, et al. Pelvic endometriosis and 
hydroureteronephrosis. Fertil Steril 2010;93:1741. 

Chen CCG, Falcone T. Endoscopic management of endometriosis. 
Minerva Ginecol 2006;58:347. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


290 


153. 


154. 


155. 
156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


165. 
166. 


167. 


168. 
169. 


170. 


171. 


172. 


173. 


174. 


175. 
176. 
177. 
178. 


179. 


Urological Pathology 


Li WM, Yang SF, Lin HC, et al. Miillerianosis of ureter: a rare cause 
of hydronephrosis. Urology 2007;69:1208.e9-e1 1. 

Salerno MG, Masciullo V, Naldini A, et al. Endometrioid adenocar- 
cinoma with squamous differentiation arising from ureteral endome- 
triosis in a patient with no history of gonadal endometriosis. Gynecol 
Oncol 2005;99:749. 

Zugos V, Schott GE. Endometriosis involving the ureter. The Erlangen 
experience exemplified by two case reports. Aktuelle Urol 2007;38:55. 
Merrimen JLO, Alkhudair WK, Gupta R. Localized amyloidosis of 
the urinary tract: case series of nine patients. Urology 2006;67:904. 
Takahashi T, Miura H, Matsu-ura Y, et al. Urine cytology of local- 
ized primary amyloidosis of the ureter: a case report. Acta Cytol 
2005;49:319. 

lida S, Chujyo T, Nakata Y, et al. A case of amyloidosis of the renal 
pelvis. Hinyokika Kiyo 2003;49:423. 

Kawashima A, Alleman WG, Takahashi N, et al. Imaging evaluation of 
amyloidosis of the urinary tract and retroperitoneum. Radiographics 
2011;31:1569. 

Wiener DP, Koss LG, Sablay B, et al. The prevalence and significance 
of Brunn’s nests, cystitis cystica and squamous metaplasia in normal 
bladders. J Urol 1979;122:317. 

Kylye S, Sargin SY, Gunes A, et al. A rare condition: the ureteritis 
cystica. Sci World J 2004;4:175. 

Gupta R, Kehinde EO, Sinan T, et al. Urinary schistosomiasis: uro- 
graphic features and significance of drooping kidney appearance. Int 
Urol Nephrol 2001;33:461. 

Binous MY, Chtourou M, Kbaier I, et al. Ureteritis cystica. A case 
report and review of the literature. Tunis Med 2003;81:425. 

Ward AM. Glandular neoplasia within the urinary tract. The aetiology 
of adenocarcinoma of the urothelium with a review of the literature. 
Virchows Arch A 1971;352:296. 

Kopp JH. Pyelitis, ureteritis and cystitis cystica. J Urol 1946;56:28. 
del Real M, Zaboleta JS, Padial MC, et al. Cystic ureteritis: impor- 
tance of chronic infection—inflammation as etiologic factor. Report of 
a clinical case. Actas Urol Esp 2000;24:496. 

Hertle L, Androulakakis P. Keratinizing desquamative squamous 
metaplasia of the upper urinary tract: leukoplakia—cholesteatoma. 
J Urol 1982;127:631. 

Blacklock ARE, Geddes JR, Black JW. Mucinous and squamous 
metaplasia of the renal pelvis. J Urol 1983;130:544. 

Zahran MM, Kamel M, Mooro H, et al. Bilharziasis of the urinary blad- 
der and ureter: comparative histopathologic study. Urology 1974;8:73. 
Dhingra KK, Singal S, Jain S. Rare co-existence of keratinizing squa- 
mous metaplasia with xanthogranulomatous pyelonephritis. Report of 
a case with the role of immunocytochemistry in the differential diag- 
nosis. Acta Cytol 2007;51:92. 

Noyes WE, Palubinskas AJ. Squamous metaplasia of the renal pelvis. 
Radiology 1967;89:292. 

Harada H, Seki T, Togashi M, et al. Squamous metaplasia mimicking 
papillary carcinoma in the upper urinary tract. Hokkaido Igaku Zasshi 
2004;79:15. 

Mather S, Singh MK, Rao SI, et al. Mucinous metaplasia of the renal 
pelvic epithelium in a case of recurrent urolithiasis and pyelonephritis. 
Urol Int 2004;72:355. 

Bullock PS, Thoni DE, Murphy WM. The significance of colonic 
mucosal (intestinal metaplasia) involving the urinary tract. Cancer 
1987;59:2086. 

Richmond HG, Robb WAT. Adenocarcinoma of the ureter secondary 
to ureteritis cystica. Br J Urol 1967;39:359. 

Nogales FF, Zuluaga A, Arrabal M, et al. Miillerianosis of the ureter: 
a metaplastic lesion. J Urol 1999;162:2090. 

Meyer AJ, Kausch I, Behm A, et al. Bone formation in the ureter. 
Osseous metaplasia of an obstructed ureter. Urologe A 2006;45:1438. 
Selli C, Risaliti A, De Antoni P, et al. Ureteral obstruction after kidney 
transplantation secondary to bone metaplasia. Urology 2000;56:153. 
Willis SF, Bariol SV, Tolley DA. Bone formation in the urinary tract: 
case report. J Endourol 2005;19:878. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


192. 


193. 


194. 
195. 


196. 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


206. 


207. 


Ford TF, Watson GM, Cameron KM. Adenomatous metaplasia 
(nephrogenic adenoma) of the urothelium. Br J Urol 1985;57:427. 
Oliva E, Young RH. Nephrogenic adenoma of the urinary tract: a 
review of the microscopic appearance of 80 cases with emphasis on 
unusual features. Mod Pathol 1995;8:722. 

Martinez-Pineiro L, Hidalgo M, Picazo JM, et al. Nephrogenic 
adenoma of the renal pelvis. Br J Urol 1991;67:100. 

Jackman SV, Moore RG, Nelson JB. Nephrogenic adenoma of the 
ureter: endoscopic diagnosis and management. Urology 1998;52:316. 
Rehemtullah A, Oliva E. Nephrogenic adenoma: an update on an 
innocuous but troublesome entity. Adv Anat Pathol 2006;13:247. 
Hung SY, Tseng HH, Chung HM. Nephrogenic adenoma with 
cytomegalovirus infection of the ureter in a renal transplant patient: 
presentation as ureteral obstruction. Transpl Int 2001;14:111. 

Tong G-X, Melamed J, Mansukhani M. PAX2: a reliable marker for 
nephrogenic adenoma. Mod Pathol 2006;19:356. 

Kojima Y, Lambert SM, Steixner BL, et al. Multiple metachronous 
fibroepithelial polyps in children. J Urol 2011;185:1053. 

Bolton D, Stoller ML, Irby P. Fibroepithelial ureteral polyps and 
urolithiasis. Urology 1994;44:582. 

Williams TR, Wagner BJ, Corse WR, et al. Fibroepithelial polyps of 
the urinary tract. Abdom Imaging 2002;27:217. 

Ishizaki H, lida S, Koga H, et al. Epidermoid cyst of the ureter: a case 
report. Int J Urol 2007;14:443. 

Basiri A, Hosseini SR, Tousi VN, et al. Ureteroscopic management 
of symptomatic, simple parapelvic renal cyst. J Endourol 2010; 
24:537. 

Kapusta LR, Weiss MA, Ramsay J, et al. Inflammatory myofibroblas- 
tic tumors of the kidney. Am J Surg Pathol 2003;27:658. 
Montgomery EA, Shuster DD, Burkart AL, et al. Inflammatory myo- 
fibroblastic tumors of the urinary tract: a clinical pathologic study of 
46 cases, including a malignant example inflammatory fibrosarcoma 
and a subset associated with high-grade urothelial carcinoma. Am 
J Surg Pathol 2006;30:1502. 

Lynch CF, Cohen MB. Urinary system. Cancer 1995;75:316. 

Latham HS, Kay S. Malignant tumors of the renal pelvis. Surg Gynae- 
col Obstet 1974;138:613. 

Busby JE, Brown GA, Tamboli P, et al. Upper urinary tract tumors 
with nontransitional histology: a single-center experience Urology 
2006;67:518. 

Munoz JJ, Ellison LM. Upper tract urothelial neoplasms: incidence 
and survival during the last 2 decades. J Urol 2000;164:1523. 
Kanamori S, Okamura S, Nishimura T, et al. Papilloma of renal pelvis 
in childhood. Urology 1990;35:523. 

Overgaard S, Thomsen NB, Olsen LH, et al. Percutaneous endoscop- 
ic management of bilateral transitional cell papillomas of the renal 
pelvis. Scand J Urol Nephrol 1990;24:157. 

Spevack L, Herschorn S, Srigley J. Inverted papilloma of the upper 
urinary tract. J Urol 1995;153:1202. 

Chiura AN, Wirtschafter A, Bagley DH. Upper urinary tract inverted 
papillomas. Urology 1998;52:514. 

Kyriakos M, Royce RK. Multiple simultaneous inverted papillomas 
of the upper urinary tract. A case report with a review of ureteral and 
renal pelvic inverted papillomas. Cancer 1989;63:368. 

Cheng L, Montironi R, Bostwick DG. Villous adenoma of the urinary 
tract. A report of 23 cases, including 8 with coexistent adenocarci- 
noma. Am J Surg Pathol 1999;23:764. 

Shih CM, Wu SC, Lee CC, et al. Villous adenoma of the ureter with 
manifestations of mucus hydroureteronephrosis. J Chin Med Assoc 
2007;70:33. 

Bos I, Lichtenauer HP, Frontzeck M. Villoses adenom des nierenbeck- 
ens vom intestinalen typ (Intestinal type of villous adenoma of the 
kidney pelvis). Pathologe 1988;9:109. 

Bhat S, Chandran V. Villous adenoma of the renal pelvis and ureter. 
Indian J Urol 2010;26:598. 

Atiyeh BA, Barakat AJ, Abumrad NN. Extra-adrenal pheochromocy- 
toma. J Nephrol 1997;10:25. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


208. 


209. 


210. 


211, 


212. 


213. 


214. 


215. 


216. 


217, 


218. 


219. 


220. 


221. 


222. 


223. 


224. 


225. 


226. 


227. 


228. 


229. 


230. 


231. 


Jemal A, Tiwari RC, Murray T, et al. Cancer statistics, 2004. CA Can- 
cer J Clin 2004;54:8. 

Charbit L, Gendreau MC, Mee S, et al. Tumors of the upper urinary 
tract: 10 years of experience. J Urol 1991;146:1243. 

Delahunt B, Amin MB, Hofstadter F. Tumours of the renal pelvis and 
ureter. In: Eble JN, Sauter G, Epstein JI, et al., eds. Pathology and Genetics: 
Tumours of the Urinary System and Male Genital Organs. WHO Classifi- 
cation of Tumors. Lyon, France: IARC Press; 2004:150-153. 

Parkin DM, Whelan SL, Ferlay J, et al. Cancer Incidence in Five Con- 
tinents. IARC Scientific Publications No 155. Lyon, France: IARC 
Press; 2003. 

Mellemgaard A, Carstens B, Norgaard N, et al. Trends in the inci- 
dence of cancer in the kidney, pelvis, ureter and bladder in Denmark 
1943-1988. Scand J Urol Nephrol 1993;27:327. 

Raman JD, Messer J, Sielatycki JA, et al. Incidence and survival of 
patients with carcinoma of the ureter and renal pelvis in the USA, 
1973-2005. BJU Int 2011;107:1059. 

Takayanagi A, Masumori N, Takahashi A, et al. Upper urinary tract 
recurrence after radical cystectomy for bladder cancer: incidence and 
risk factors. Int J Urol 2012;19:229. 

Sanderson KM, Cai J, Miranda G, et al. Upper tract urothelial recur- 
rence following radical cystectomy for transitional cell carcinoma 
of the bladder: an analysis of 1069 patients with 10-year follow-up. 
J Urol 2007;177:2088. 

Ross RK, Paganini-Hill A, Landolph J, et al. Analgesics, cigarette 
smoking, and other risk factors for cancer of the renal pelvis and 
ureter. Cancer Res 1989;49:1045. 

Aben KK, Witjes JA, Schoenberg MP, et al. Familial aggregation of 
urothelial cell carcinoma. Int J Cancer 2002;98:274. 

Fadl-Elmula I. Chromosomal changes in uroepithelial carcinomas. 
Cell Chromosome 2005;4:1. 

Fadl-Elmula I, Goruñova L, Mandahl N, et al. Cytogenetic analysis of 
upper urinary tract transitional cell carcinomas. Cancer Genet Cyto- 
genet 1999;115:123. 

Rouprêt M, Drouin SJ, Cancel-Tassin G, et al. Genetic variability 
in 8q24 confers susceptibility to urothelial carcinoma of the upper 
urinary tract and is linked with patterns of disease aggressiveness at 
diagnosis. J Urol 2012;187:424. 

Izquierdo L, Mengual L, Gazquez C, et al. Molecular characterization 
of upper urinary tract tumours. BJU Int 2010;106:868. 

Blaszyk H, Wang L, Dietmaier W, et al. Upper tract urothelial 
carcinoma: a clinicopathologic study including microsatellite instabil- 
ity analysis. Mod Pathol 2002;15:790. 

Hartmann A, Zanardo L, Bocker-Edmonston T, et al. Frequent mic- 
rosatellite instability in sporadic tumours of the upper urinary tract. 
Cancer Res 2002;62:6796. 

Ericson KM, Isinger AP, Isfoss BL, et al. Low frequency of defective 
mismatch repair in a population-based series of upper urothelial carci- 
noma. BMC Cancer 2005;5:23. 

Hartmann A, Dietmaier W, Hofstadter F, et al. Urothelial carcinoma of 
the upper urinary tract: inverted growth pattern is predictive of micro- 
satellite instability. Hum Pathol 2003;34:222. 

Crockett DG, Wagner DG, Holmäng S, et al. Upper urinary tract 
carcinoma in Lynch syndrome cases. J Urol 2011;185:1627. 

Jensen OM, Knudsen JB, McLaughlin JK, et al. The Copenhagen 
case-controlled study of renal pelvis and ureter cancer: role of smok- 
ing and occupational exposure. Int J Cancer 1988;41:557. 

Simsir A, Sarsik B, Cureklibatir I, et al. Prognostic factors for upper 
urinary tract urothelial carcinomas: stage, grade, and smoking status. 
Int Urol Nephrol 2011;43:1039. 

McCredie M, Stuart JH. Risk factors for kidney cancer in New South 
Wales. IV. Occupation. Br J Ind Med 1993;50:349. 

Steffens J, Nagel R. Tumors of the renal pelvis and ureter: observa- 
tions in 170 patients. Br J Urol 1988;61:277. 

Jensen OM, Knudsen JB, Tomasson H, et al. The Copenhagen case- 
control study of renal pelvis and ureter cancer: role of analgesics. Int 
J Cancer 1989;44:965. 


232. 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


249. 


250. 


251. 


252. 


253. 


254. 


259: 


256. 


Chapter 4 W Pathology of the Renal Pelvis and Ureter 291 


McCredie M, Ford JM, Taylor JS, et al. Analgesics and cancer of the 
renal pelvis in New South Wales. Cancer 1982;49:2617. 

McCredie M, Stewart J, Smith D, et al. Observations on the effect 
of abolishing analgesic abuse and reducing smoking on cancers of 
the kidney and bladder in New South Wales, Australia, 1972—1995. 
Cancer Causes Control 1999;10:303. 

Palvio DH, Andersen JC, Falk E. Transitional cell tumors of the renal 
pelvis and ureter associated with capillarosclerosis, indicating analge- 
sic abuse. Cancer 1987;59:972. 

Stuart JH, Hobbs JB, McCredie MR. Morphologic evidence that 
analgesic induced kidney pathology contributes to the progression of 
tumors of the renal pelvis. Cancer 1999;86:1576. 

Thon WF, Kliem V, Truss MC, et al. Denovo urothelial carcinoma of 
the upper and lower urinary tract in kidney-transplant patients with 
end-stage analgesic nephropathy. World J Urol 1995;13:254. 
Stefanovic V, Toncheva D, Atanasova S, et al. Etiology of Balkan 
endemic nephropathy and associated urothelial cancer. Am J Nephrol 
2006;26:1. 

Nikolic J, Djokic M, Ignjatovic I, et al. Upper urothelial tumors in 
emigrants from Balkan endemic nephropathy areas in Serbia. Urol Int 
2006;77:240. 

Basic-Jukic N, Hrsak-Puljic I, Kes P, et al. Renal transplantation 
in patients with Balkan endemic nephropathy. Transplant Proc 
2007;39:1432. 

Almgard LE, Ahlgren L, Boeryd B, et al. Thorotrast-induced renal 
tumours after retrograde pyelogram. Eur Urol 1977;3:69. 

Katz R, Gofrit ON, Golijanin D, et al. Urothelial cancer of the renal 
pelvis in percutaneous nephrolithotomy patients. Urol Int 2005;75:17. 
Raghavendran M, Rastogi A, Dubey D, et al. Stones associated renal 
pelvic malignancies. Indian J Cancer 2003;40:108. 

Colin P, Koenig P, Ouzzane A, et al. Environmental factors involved in 
carcinogenesis of urothelial cell carcinomas of the upper urinary tract. 
BJU Int 2009;104:1436. 

Chang CH, Wang YM, Yang AH, et al. Rapidly progressive intersti- 
tial renal fibrosis associated with Chinese herbal medications. Am 
J Nephrol 2001;21:441. 

Chou YH, Huang CH. Unusual clinical presentation of upper urothe- 
lial carcinoma in Taiwan. Cancer 1999;85:1342. 

Raabe NK, Fossa SI, Bjerkehagen B. Carcinoma of the renal pelvis. 
Experience of 80 cases. Scand J Urol Nephrol 1992;26:357. 

Guinan P, Vogelzang NJ, Randazzo R, et al. Renal pelvic cancer: a 
review of 611 patients treated in Illinois, 1975-1985. Cancer 
Incidence and End Results Committee. Urology 1992;40:393. 
Gilligan T, Dreicer R. The atypical urothelial cancer patient: manage- 
ment of bladder cancers of non-transitional cell histology and cancers 
of the ureters and renal pelvis. Semin Oncol 2007;34:145. 

Potts SA, Thomas PA, Cohen MB, et al. Diagnostic accuracy and key 
cytologic features of high-grade transitional cell carcinoma in the 
upper urinary tract. Mod Pathol 1997;10:657. 

Lomax-Smith JD, Seymour AE. Neoplasia in analgesic nephropathy. 
A urothelial field change. Am J Surg Pathol 1980;4:565. 

Nocks BN, Heney NM, Daly JJ, et al. Transitional cell carcinoma of 
renal pelvis. Urology 1982;19:472. 

Chow NH, Tzai TS, Cheng HL, et al. Urinary cytodiagnosis: can it 
have a different prognostic implication than a diagnostic test. Urol Int 
1994;53:18. 

Witte D, Truong LD, Ramzy I. Transitional cell carcinoma of the 
renal pelvis; the diagnostic role of pelvic washings. Am J Clin Pathol 
2002;117:444. 

Kondo T, Nakazawa H, Ito F, et al. Primary site and incidence of 
lymph node metastases in urothelial carcinoma of the upper urinary 
tract. Urology 2007;69:265. 

Kirkali Z, Tuzel E. Transitional cell carcinoma of the ureter and renal 
pelvis. Crit Rev Oncol Hematol 2003;47:155. 

Pomara G, Pastina I, Simone M, et al. Penile metastasis from primary 
transitional cell carcinoma of the renal pelvis: first manifestation of 
systemic spread. BMC Cancer 2004;4:90. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


292 


257. 


258. 


259. 


260. 


261. 


262. 


263. 


264. 


265. 


266. 


267. 


268. 


269. 


270. 


271. 


272. 


273. 


274. 


276. 


276. 


277. 


Urological Pathology 


Murakami T, Komiya A, Mikata K, et al. Cardiac metastasis of renal 
pelvic cancer. Int J Urol 2007;14:240. 

Langner C, Ratschek M, Tsybrovskyy O, et al. P63 immunoreactiv- 
ity distinguishes upper urinary tract transitional-cell carcinoma and 
renal-cell carcinoma even in poorly differentiated tumors. J Histo- 
chem Cytochem 2003;51:1097. 

Albadine R, Schultz L, Illei P, et al. PAX8 (+)/p63 (—) immunostaining 
pattern in renal collecting duct carcinoma (CDC): a useful immuno- 
profile in the differential diagnosis of CDC versus urothelial carci- 
noma of upper urinary tract. Am J Surg Pathol 2010;34:965. 

Higgins JP, Kaygusuz G, Wang L, et al. Placental S100 (S100P) and 
GATA 3: markers for transitional epithelium and urothelial carcinoma 
discovered by complementary DNA Microarray. Am J Surg Pathol 
2007;31:673. 

Langner C, Ratschek M, Rehak P, et al. CD10 is a diagnostic and prog- 
nostic marker in renal malignancies. Histopathology 2004;45:460. 
Ohtsuka Y, Kawakami S, Fujii Y, et al. Loss of uroplakin III expression 
is associated with a poor prognosis in patients with urothelial carci- 
noma of the upper urinary tract. BJU Int 2006;97:1322. 

Kamijima S, Tobe T, Suyama T, et al. The prognostic value of p53, 
Ki-67 and matrix metalloproteinases MMP-2 and MMP-9 in tran- 
sitional cell carcinoma of the renal pelvis and ureter. Int J Urol 
2005;12:941. 

Hashimoto H, Sue Y, Saga Y, et al. Roles of p53 and MDM2 in tumor 
proliferation and determination of the prognosis of transitional cell 
carcinoma of the renal pelvis and ureter. Int J Urol 2000;7:457. 
Masuda M, Takano Y, Iki M, et al. Expression and prognostic value 
of CD44 isoforms in transitional cell carcinoma of renal pelvis and 
ureter. J Urol 1999;161:805. 

Langner C, Rupar G, Leibl S, et al. A-methylacyl-CoA racemase 
(AMACR/P 504S) protein expression in urothelial carcinoma of the 
upper urinary tract correlates with tumour progression. Virchows Arch 
2006;448:325. 

Perez-Montiel D, Wakely PE, Hes O, et al. High-grade urothelial car- 
cinoma of the renal pelvis: clinicopathologic study of 108 cases with 
emphasis on unusual morphologic variants. Mod Pathol 2006;19:494. 
Holmang S, Lele SM, Johansson SL. Squamous cell carcinoma of the 
renal pelvis and ureter: incidence, symptoms, treatment and outcome. 
J Urol 2007;178:51. 

Pacchioni D, Bosco M, Allia E. Microcystic urothelial cell carcinoma 
with neuroendocrine differentiation arising in renal pelvis. Report of 
a case. Virchows Arch 2009;454:223. 

Perez-Montiel D, Hes O, Michael M, et al. Micropapillary urothelial 
carcinoma of the upper urinary tract: clinicopathologic study of five 
cases. Am J Clin Pathol 2006;126:86. 

Guo CC, Tamboli P, Czerniak B. Micropapillary variant of urothe- 
lial carcinoma in the upper urinary tract: a clinicopathologic study of 
11 cases. Arch Pathol Lab Med 2009;133:62. 

Amin MB, Gomez JA, Young RH. Urothelial transitional cell carci- 
noma with endophytic growth patterns: a discussion of patterns of 
invasion and problems associated with assessment of invasion in 
18 cases. Am J Surg Pathol 1997;21:1057. 

Baydar D, Amin MB, Epstein JI. Osteoclast-rich undifferentiated car- 
cinomas of the urinary tract. Mod Pathol 2006;19:161. 

McCash SI, Unger P, Dillon R, et al. Undifferentiated carcinoma of 
the renal pelvis with osteoclast-like giant cells: a report of two cases. 
APMIS 2010;118:407. 

Zettl A, Konrad MA, Polzin S, et al. Urothelial carcinoma of the renal 
pelvis with choriocarcinomatous features: genetic evidence of clonal 
evolution. Hum Pathol 2002;33:1234. 

Grammatico D, Grignon DJ, Eberwein P, et al. Transitional cell car- 
cinoma of the renal pelvis with choriocarcinomatous differentiation. 
Immunohistochemical and immunoelectron microscopic assessment 
of human chorionic gonadotrophin production by transitional cell car- 
cinoma of the urinary bladder. Cancer 1993;71:1835. 

Lopez-Beltran A, Escudero AL, Cavazzana AO, et al. Sarcomatoid 
transitional cell carcinoma of the renal pelvis. A report of five cases 


278. 


279. 


280. 


281. 


282. 


283. 


284. 


285. 


286. 


287. 


288. 


289. 


290. 


291. 


292. 


293. 


294. 


295. 


296. 


297. 


298. 


299. 


with clinical, pathological, immunohistochemical and DNA ploidy 
analysis. Pathol Res Pract 1996;192:1218. 

Wang X, MacLennan GT, Zhang S, et al. Sarcomatoid carcinoma of 
the upper urinary tract: clinical outcome and molecular characteriza- 
tion. Hum Pathol 2009;40:211. 

Leroy X, Gonzalez S, Zini L, et al. Lipid-cell variant of urothelial 
carcinoma: a clinical pathologic and immunohistochemical study of 
five cases. Am J Surg Pathol 2007;31:770. 

Pusztaszeri M, Hauser J, Iselin C, et al. Urothelial carcinoma “nested 
variant” of renal pelvis and ureter. Urology 2007;69:778. 

Parwani AV, Herawi M, Volmar K, et al. Urothelial carcinoma with 
rhabdoid features: report of 6 cases. Hum Pathol 2006;37:168. 
Weeks DA, Beckwith JB, Mierau GW, et al. Renal neoplasms mim- 
icking rhabdoid tumor of kidney. A report from the National Wilms’ 
Tumor Study Pathology Center. Am J Surg Pathol 1991;15:1042. 

Lau SK. Nested variant of urothelial carcinoma of the renal pelvis. 
Pathol Res Pract 2009;205:508. 

Keck B, Giedl J, Kunath F, et al. Clinical course of plasmacytoid 
urothelial carcinoma of the upper urinary tract: a case report. Urol Int 
2012;89:120-122. 

Fujimoto H, Tobisu K, Sakamoto M, et al. Intraductal tumor involve- 
ment and renal parenchymal invasion of transitional cell carcinoma in 
the renal pelvis. J Urol 1995;153:57. 

Yoshimura K, Arai Y, Fujimoto H, et al. Prognostic impact of exten- 
sive parenchymal invasion pattern in pT3 renal pelvic transitional cell 
carcinoma. Cancer 2002;94:3150. 

Catto JW, Yates DR, Rehman I, et al. Behavior of urothelial carcinoma 
with respect to anatomical location. J Urol 2007;177:1715. 

Hall MC, Womack S, Sagalowsky AI, et al. Prognostic factors, recur- 
rence, and survival in transitional cell carcinoma of the upper urinary 
tract: a 30-year experience in 252 patients. Urology 1998;52:594. 
Rey A, Lara PC, Redondo E, et al. Overexpression of p53 in transi- 
tional cell carcinoma of the renal pelvis and ureter. Relation to tumor 
proliferation and survival. Cancer 1997;79:2178. 

Kim DS, Lee YH, Cho KS, et al. Lymphovascular invasion and 
pT stage are prognostic factors in patients treated with radical 
nephroureterectomy for localized upper urinary tract transitional cell 
carcinoma. Urology 2010;75:328. 

Olgac S, Mazumdar M, Dalbagni G. Urothelial carcinoma of the 
renal pelvis: a clinicopathologic study of 130 cases. Am J Surg Pathol 
2004;28:1545. 

Holmang S, Johansson SL. Bilateral metachronous ureteral and renal 
pelvic carcinomas: incidence, clinical presentation, histopathology, 
treatment and outcome. J Urol 2006;175:69. 

Holmang S, Johansson SL. Synchronous bilateral ureteral and renal 
pelvic carcinomas: incidence, etiology, treatment and outcome. Can- 
cer 2004;101:741. 

Chen GL, Bagley DH. Ureteroscopic surgery for upper tract transi- 
tional cell carcinoma: complications and management. J Endourol 
2001;15:399. 

Azémar MD, Comperat E, Richard F, et al. Bladder recurrence after 
surgery for upper urinary tract urothelial cell carcinoma: frequency, 
risk factors, and surveillance. Urol Oncol 2011;29:130. 

Razdan S, Johannes J, Cox M, et al. Current practice patterns in 
urologic management of upper-tract transitional-cell carcinoma. 
J Endourol 2005;19:366. 

Katz MH, Lee MW, Gupta M. Setting a new standard for topical ther- 
apy of upper-tract transitional-cell carcinoma: BCG and interferon- 
alpha2B. J Endourol 2007;21:374. 

Czito B, Zietman A, Kaufman D, et al. Adjuvant radiotherapy 
with and without concurrent chemotherapy for locally advanced 
transitional cell carcinoma of the renal pelvis and ureter. J Urol 
2004;172:1271. 

Bamias A, Deliveliotis C, Fountzilas G, et al. Adjuvant chemother- 
apy with paclitaxel and carboplatin in patients with advanced carci- 
noma of the upper urinary tract: a study by the Hellenic Corporative 
Oncology Group. J Clin Oncol 2004;22:2150. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


300. 


301. 


302. 


303. 


304. 


305. 


306. 


307. 


308. 


309. 


310. 


311: 


312; 


313, 


314. 


315. 


316. 


317; 


318. 


319. 


320. 


321. 


322. 


323. 


324. 


325. 


326. 


Rausch S, Hofmann R, von Knobloch R. Nonbilharzial squamous cell 
carcinoma and transitional cell carcinoma with squamous differentia- 
tion of the lower and upper urinary tract. Urol Ann 2012;4:14. 

Li MK, Cheung WL. Squamous cell carcinoma of the renal pelvis. 
J Urol 1987;138:269. 

Lee M., Sharifi R, Kurtzman NA. Humoral hypercalcaemia due to 
squamous cell carcinoma the renal pelvis. Urology 1988;32:250. 
Diaz Gonzalez R, Barrientos A, Larrodera L, et al. Squamous cell 
carcinoma of the renal pelvis associated with hypercalcaemia and the 
presence of parathyroid hormone-like substances in the tumor. J Urol 
1985;133:1029. 

Morita T, Izumi T, Shinohara N, et al. Squamous cell carcinoma of 
the ureter with marked leucocytosis producing granulocyte colony- 
stimulating factor. Urol Int 1995;55:32. 

Er O, Coskun HS, Altinbas M, et al. Rapidly relapsing squamous cell car- 
cinoma of the renal pelvis associated with paraneoplastic syndromes of 
leucocytosis, thrombocytosis and hypercalcaemia. Urol Int 2001;67:175. 
Berz D, Rizack T, Weitzen S, et al. Survival of patients with squamous 
cell malignancies of the upper urinary tract. Clin Med Insights Oncol 
2012;6:11. 

Spires SE, Banks ER, Cibull ML, et al. Adenocarcinoma of renal pel- 
vis. Arch Pathol Lab Med 1993;117:1156. 

Delahunt B, Nacey JN, Meffan PJ, et al. Signet ring cell adenocarci- 
noma of the ureter. Br J Urol 1991;68:555. 

Shih CM, Huang CT, Chi CH, et al. CA125-producing clear cell 
adenocarcinoma arising from the upper ureter and renal pelvis. J Chin 
Med Assoc 2010;73:4. 

Miller RJ, Holmang S, Johansson SL, et al. Small cell carcinoma of 
the renal pelvis and ureter: clinicopathologic and immunohistochemi- 
cal features. Arch Pathol Lab Med 2011;135:1565. 

Majhail NS, Elson P, Bukowski RM. Therapy and outcome of small 
cell carcinoma of the kidney: report of two cases and a systematic 
review of the literature. Cancer 2003;97:1436. 

Al-Ali M, Samalia KP. Genitourinary carcinoid tumors: initial report 
of ureteral carcinoid tumours. J Urol 2000;163:1864. 

Ji X, Li W. Primary carcinoid of the renal pelvis. J Environ Pathol 
Toxicol Oncol 1994;13:269. 

Hansel DE, Epstein JI, Berbescu E, et al. Renal carcinoid tumor. 
A clinicopathologic study of 21 cases. Am J Surg Pathol 2007;31:1539. 
Rudrick B, Nguyen GK, Lakey WH. Carcinoid tumor of the renal pel- 
vis: report of a case with positive urine cytology. Diagn Cytopathol 
1995;12:360. 

Yusim IE, Neulander EZ, Eidelberg I, et al. Leiomyoma of the genito- 
urinary tract. Scand J Urol Nephrol 2001;35:295. 

Belis JA, Post GJ, Rochman SC, et al. Genitourinary leiomyomas. 
Urology 1979;13:424. 

Yashi M, Hashimoto S, Muraishi O, et al. Leiomyoma of the ureter. 
Urol Int 2000;64:40. 

Kho GT, Duggan MA. Bizarre leiomyoma of the renal pelvis with ul- 
trastructural and immunohistochemical findings. J Urol 1989;141:928. 
Bonsib SM. HMB-45 reactivity in renal leiomyomas and leiomyosar- 
comas. Mod Pathol 1996;9:664. 

Pumberger W, Gindl K, Amann G, et al. Polypoid fibro-haemangioma 
of the kidney in a child with gross haematuria. Scand J Urol Nephrol 
1999;33:344. 

Coulier B, Lefebvre Y, Petein M. Renal pelvis haemangioma demon- 
strated by MSCT urography with ureteral compression and 3D recon- 
struction. JBR-BTR 2005;88:187. 

Campistol JM, Agusti C, Torras A, et al. Renal hemangioma and renal 
artery aneurysm in Klippel-Trenaunay syndrome. J Urol 1988;140:134. 
Chabrel CM, Hickey BB, Parkinson C. Pericaliceal haemangioma-a 
cause of papillary necrosis? Case report and review of 7 similar vas- 
cular lesions. Br J Urol 1982;54:334. 

Le Cheong L, Khan AN, Bisset RA. Sonographic features of a renal 
pelvic neurofibroma. J Clin Ultrasound 1990;18:129. 

Gersell DJ, Fulling KH. Localized neurofibromatosis of the female 
genitourinary tract. Am J Surg Pathol 1989;13:873. 


327. 


328. 


339. 


340. 


341. 


342. 


343. 


344. 


345. 


346. 


347. 


348. 


349. 


350. 


352. 


353. 


354. 


Chapter 4 W Pathology of the Renal Pelvis and Ureter 293 


Varela-Duran J, Urdiales-Viedma M, Taboada-Blanco F, et al. 
Neurofibroma of the ureter. J Urol 1987;138:1425. 


Ogata S, Mizoguchi H, Arita M, et al. A case of hemangiomyoma of 
the ureter in a child. Eur Urol 1985;11:355. 


. Smith EM, Resnick MI. Ureteropelvic junction obstruction secondary 


to periureteric lipoma. J Urol 1994;151:150. 


. Micali S, Virgili G, Vespasiani G, et al. Benign schwannoma 


surrounding and obstructing the ureteropelvic junction. First case 
report. Eur Urol 1997;32:121. 


. Gulmez I, Dogan A, Balkanli S, et al. The first case of periureteric 


hibernoma. Case report. Scand J Urol Nephrol 1997;31:203. 


. Kartsanis G, Douros K, Zolota V, et al. Case report: leiomyosarcoma 


of the renal pelvis. Int Urol Nephrol 2006;38:211. 


. Kendal WS. The comparative survival of renal leiomyosarcoma. Can 


J Urol 2007;14:3435. 


. Dhamne SA, Gadgil NM, Padmanabhan A. Leiomyosarcoma of the 


renal pelvis. Indian J Pathol Microbiol 2009;52:549. 


. Tsai WC, Lee SS, Cheng MF, et al. Botryoid-type pleomorphic rhab- 


domyosarcoma of the renal pelvis in an adult. A rare case report and 
review of the literature. Urol Int 2006;77:89-91. 


. Harbaugh JT. Botryoid sarcoma of the renal pelvis: a case report. 


J Urol 1968;100:424. 


. Coup AJ. Angiosarcoma of the ureter. Br J Urol 1988;62:275. 
. Askari A, Novick A, Braun W, et al. Late ureteral obstruction and 


hematuria from de novo angiosarcoma in a renal transplant patient. 
J Urol 1980;124:717. 

Yanai T, Okazaki, T, Yamataka A, et al. Botryoid Wilms’ tumor: a 
report of two cases. Pediatr Surg Int 2005;21:43. 

Tu BW, Ye WJ, Li YH. Botryoid Wilms’ tumor: report of two cases. 
World J Pediatr 2011;7:274. 

Voznesensky MA, Yamase H, Taylor JA III. Malignant peripheral 
nerve sheath tumor of the renal pelvis. Urol Int 2009;83:370. 

Song HC, Sun N, Zhang WP, et al. Primary Ewing’s sarcoma/primitive 
neuroectodermal tumor of the urogenital tract in children. Chin Med 
J (Engl) 2012;125:932. 

Anderson JD, Scardino P, Smith RB. Inflammatory fibrous his- 
tiocytoma presenting as a renal pelvic and bladder mass. J Urol 
1977;118:470. 

Ehara H, Takahashi Y, Saitoh A, et al. Clear cell melanoma the renal 
pelvis presenting as a primary tumor. J Urol 1997;157:634. 

Frasier BL, Wachs BH, Watson LR, et al. Malignant mela- 
noma of the renal pelvis presenting as a primary tumor. J Urol 
1988;140:812. 

Maeda K, Hawkins ET, Oh HK, et al. Malignant lymphoma in trans- 
planted renal pelvis. Arch Pathol Lab Med 1986;110:626. 

Bozas G, Tassidou A, Moulopoulos LA, et al. Non-Hodgkin’s lym- 
phoma of the renal pelvis. Clin Lymphoma Myeloma 2006;6:404. 
Mita K, Ohnishi Y, Edahiro T, et al. Primary mucosa-associated lym- 
phoid tissue lymphoma in the renal pelvis. Urol Int 2002;69:241. 
Hara M, Satake M, Ogino H, et al. Primary ureteral mucosa-associated 
lymphoid tissue (MALT) lymphoma-pathological and radiological 
findings. Radiat Med 2002;20:41. 

Boscolo-Berto R, Raduazzo DI, Vezzaro R, et al. Aggressive non- 
Hodgkin’s lymphoma mimicking unilateral transitional cell carcino- 
ma of renal pelvis. The risk of making a diagnostic mistake. Arch Ital 
Urol Androl 2011;83:163. 


. Al Shaibani KM, AlMeshari KA, Raza SM, et al. Early post transplant 


lymphoproliferative disorder presenting with ureteric obstruction in 
en block kidneys. Am J Nephrol 2000;20:142. 

Comiter S, Glasser J, al-Askari S. Ureteral obstruction in a patient 
with Burkitt’s lymphoma, and AIDS. Urology 1992;39:277. 
Breatnach E, Stanley RJ, Carpenter JT Jr. Intrarenal chloroma causing 
obstructive nephropathy: CT characteristics. J Comput Assist Tomogr 
1985;9:822. 

Greenstein F, Novetsky AD, Kahn AI, et al. Ureteral obstruction 
from isolated focus of chronic lymphocytic leukaemia. Urology 
1984;24:70. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


294 Urological Pathology 


355. Igel TC, Engen DE, Banks PM, et al. Renal plasmacytoma: Mayo 
Clinic experience and review of the literature. Urology 1991;37:385. 

356. Edge SB, Byrd DR, Compton CC, et al. American Joint Committee on 
Cancer (AJCC) Cancer Staging Manual. 7th ed. Chicago, IL: Springer; 
2009. 

357. Gupta R, Paner GP, Amin MB. Neoplasms of the upper urinary tract. 
A review with focus on urothelial carcinoma of the pelvicalyceal 


358. 


system and aspects related to its diagnosis and reporting. Adv Anat 
Pathol 2008;15:127. 

Lopez-Beltran A, Bassi PF, Pavone-Macaluso M, et al. Handling and 
pathology reporting of specimens with carcinoma of the urinary blad- 
der, ureter, and renal pelvis. a joint proposal of the European Society 
of Uropathology and the Uropathology Working Group. Virchows 
Arch 2004;445:103. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


Nonneoplastic Lesions of the Urinary Bladder 


JESSE K. McKENNEY, JOHN N. EBLE, and ROBERT H. YOUNG 


A broad spectrum of nonneoplastic lesions occurs in the 
urinary bladder. These range from congenital abnormalities 
to infectious/inflammatory conditions of only microscopic 
dimension to mass forming pseudotumors. As background, 
this chapter first presents a brief review of the embryology, 
normal anatomy, and histology of the urinary bladder and 
then details the full spectrum of nonneoplastic conditions that 
may be encountered in diagnostic surgical pathology practice. 


NORMAL EMBRYOLOGY, ANATOMY, AND HISTOLOGY: 


Embryology 


The urinary bladder develops during the first 12 weeks of ges- 
tation. It derives predominantly from the vesical (rostral) part 
of the urogenital sinus; the trigone originates from the caudal 
end of the mesonephric ducts. The urothelium is derived from 
the endoderm, while all other layers are from the splanchnic 
mesenchyme. The formation of the bladder and trigone is regu- 
lated by complex epithelial-mesenchymal signaling events.'? 
Initially in development, the bladder is continuous with the 
allantois; however, neither the urachus nor the allantois is 
involved in the formation of the bladder. The allantois typically 
regresses to a fibrous cord in adults, contained within the ura- 
chus, which is also called the median umbilical ligament. As 
the bladder increases in size, the distal parts of the mesonephric 
ducts are incorporated into the dorsal wall forming the connec- 
tive tissue of the trigone, where the developing ureters implant. 
The anterior bladder wall is formed with the caudal migration 
of the cloacal membrane. In the 7th week of gestation, the uro- 
rectal septum separates the rectum from the part of urogenital 
sinus that forms the dome and the posterior wall of the bladder. 


Anatomy 


The urinary bladder is located in the pelvis but, when filled, 
may extend up to the level of the umbilicus. The bladder is 
wider at the superior aspect and narrows toward the infe- 
rior region, creating the shape of an inverted pyramid. The 


anatomic regions of the bladder are the bladder neck (infe- 
rior), the dome (superior), the apex (most anterior and supe- 
rior point), the fundus (posterior wall), and the trigone, the 
last defined as the triangular region at the base of the bladder, 
bounded posterolaterally by the ureteric orifices and inferi- 
orly by the internal urethral orifice. + 

In the male, the bladder is held in place at the blad- 
der neck by the puboprostatic ligaments that attach to the 
prostate gland and directly in the female by the pubovesi- 
cal ligament. The remainder of the bladder is surrounded by 
the loose fibrous connective tissue and adipose tissue of the 
pelvis, which allows it to expand with filling. Other points of 
attachment include the rectovesical ligaments that attach to 
the rectum and sacrum, and the median umbilical ligament 
that extends from the apex to the anterior abdominal wall. 

In the male, the anatomic relation to surrounding struc- 
tures is (a) fundus: the rectovesical septum, seminal vesi- 
cles, and vas deferens; (b) apex: median umbilical ligament; 
(c) superior: peritoneal surface; (d) inferolateral: space of 
Retzius; and (e) neck: prostate. In the female, the fundus is 
separated from the anterior aspect of the uterus by the vesi- 
couterine pouch and more inferiorly by the cervix and upper 
vaginal wall, while the inferior surface rests on the pelvic and 
urogenital diaphragms. The uterus also rests on the superior 
surface of the bladder in the emptied state. 

The ureters course obliquely through the bladder wall and 
are surrounded by smooth muscle and fibrous tissue called 
Waldeyer sheath. The ureters enter the lumen at the trigone, 
where their muscle fibers are admixed with the muscularis 
propria. The urethra begins at the neck where the walls of the 
bladder converge. The smooth muscle fibers of the muscularis 
propria and urethra intermix at the bladder neck, but the inter- 
nal sphincter consists predominantly of muscularis propria. 

The blood supply for urinary bladder is derived from the 
superior and inferior vesical arteries, which arise from the 
internal iliac artery. Blood drains through the vesical venous 
plexus, which empties into the internal iliac veins. Most of 
the lymphatics drain to the internal and external iliac nodes; 
however, the bladder neck drains to the sacral or common 
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tion and cytoplasmic vacuolization. These features should not be regarded as neoplastic. B: In general, normal urothelium shows a stream- 
ing arrangement of the urothelial cells arranged perpendicular to the basement membrane. The urothelial cells often have nuclear grooves 
along the long axis of the cell. C: In the trigone of women, the surface lining is often composed of a glycogenated nonkeratinizing squamous 
epithelium. D: In biopsy specimens, particularly those performed with “hot” loops, denudation of the surface urothelium is not uncommon. 


Scattered residual benign basal cells may be present. 


iliac nodes. The sympathetic nerves that innervate the bladder 
are derived from the T11—L2 nerve roots; these sympathetic 
nerves play no role in micturition. The parasympathetic 
nerves originate from the S2—S4 roots and travel to the blad- 
der via the pelvic nerve and inferior hypogastric plexus. These 
peripheral nerves cause contraction of the muscularis propria 
fibers, which leads to traction of the bladder, opening of the 
internal sphincter, and emptying of urine into the urethra. 


HISTOLOGY 


Urothelium 


Urothelium is a multilayered epithelium comprised of oval 
to fusiform cells that typically have pale nuclei containing 
longitudinal nuclear grooves in many of the cells. These uro- 
thelial cells mature to form very large surface cells known 
as “umbrella” or superficial cells.°° Umbrella cells may have 
binucleation, prominent eosinophilic cytoplasm, and nuclear 
atypia characterized by nucleomegaly, nuclear multilobation, 


and smudgy nuclear hyperchromasia, which should not be 
misconstrued to be dysplastic or preneoplastic (Fig. 5-1A). 
The number of cell layers varies considerably depending on 
distention of the bladder, but typically is three to six cell lay- 
ers. The urothelial cells (previously referred to as transitional 
cells) typically have a somewhat linear organization stream- 
ing upward, perpendicular to the basement membrane (Fig. 
5-1B). Nonkeratinizing, glycogenated squamous metaplasia 
is relatively common in the trigone of women and is gener- 
ally considered a variation of normal histology (Fig. 5-1C).° 
In routine diagnostic biopsies, the surface urothelium may 
be denuded due to biopsy technique (i.e., thermal effect), but 
the retained basal cells that may be present are cytologically 
benign (Fig. 5-1D). 

Heterogeneity of the thickness, the relation of the indi- 
vidual urothelial cells to the basement membrane, and the 
nuclear size of the urothelium are common, even within the 
same biopsy. Historically, there has been overuse of the term 
“mild dysplasia” for urothelium with a minimally disordered 
architecture and mild nuclear variation.’ 
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Figure 5-2 E The lamina propria is defined as the tissue between the urothelium and the muscularis propria. It often contains disorga- 
nized wispy fascicles of smooth muscle called the muscularis mucosae, as well as loose stroma and varying caliber blood vessels. 


Lamina Propria 


The lamina propria lies between the basement membrane of the 
urothelium and the muscularis propria (Fig. 5-2).>° It consists 
predominantly of hypocellular, loosely collagenized stroma 
(Fig. 5-3A). Rare, scattered stromal cells that are hyperchromatic 
and often multinucleated are common in the lamina propria 
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(Fig. 5-3B) (see giant-cell cystitis). These atypical stromal cells 
may occasionally be numerous (Fig. 5-3C). In addition, promi- 
nent medium-sized blood vessels are common (Fig. 5-3D) and 
may be associated with smooth muscle that comprises the mus- 
cularis mucosae. Normal adipose tissue is also present within 
the lamina propria.’ The thickness of the lamina propria varies; 
it is usually thinner in the trigone and bladder neck. 
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Figure 5-3 E A: The stroma within the lamina propria may be edematous or finely collagenized, as in this example. The majority of 
the stroma cells are small and inconspicuous. B: However, scattered stromal cells with enlarged hyperchromatic or multilobated nuclei are 
not uncommon, and (C) these stromal cells may be numerous. 
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The muscularis mucosae is generally composed of 
irregular, usually isolated, thin wispy fascicles of smooth 
muscle within the lamina propria (Fig. 5-4A).!° The muscu- 
laris mucosae varies considerably between individuals, but 
it is typically discontinuous; a continuous layer of smooth 
muscle layer is only rarely seen in the lamina propria. Recent 
detailed studies of the muscularis mucosae suggest greater 
heterogeneity of appearance than previously reported.'!’” 
Particularly in the dome, the muscularis mucosae may be 
characterized by individual thick bundles of compact “hyper- 
trophic” smooth muscle, even in women (Fig. 5-4B and C). 
These newly described round contoured smooth muscle bun- 
dles of the muscularis mucosae are separated by the stroma 
of the lamina propria, in contrast to the more typical larger 
aggregates of smooth muscle that comprise the muscularis 
propria. In men with benign prostatic hyperplasia, the mus- 
cularis mucosae may become more prominent throughout the 
entire bladder due to compensatory hypertrophy (Fig. 5-4D). 
These compensatory hypertrophic fibers are generally irreg- 
ular, haphazard aggregates of smooth muscle fibers splayed 


in multiple direction; however, there is morphologic varia- 
tion and overlap with muscularis propria may make dis- 
tinction very difficult in a subset of biopsy specimens. For 
cancer staging purposes, we recommend defining the border 
between the muscularis propria and lamina propria as the 
line of demarcation where the dense smooth muscle bundles 
become organized into large aggregates (Table 5-1). 

The lamina propria also contains a continuous band of 
ill-defined haphazardly oriented compact spindle cells that 
are immediately subjacent to the urothelium that has been 
termed the suburothelial band of myofibroblasts (Fig. 5-5). 
These spindle cells blend with the thin slender fascicles of 
the muscularis mucosae and show immunoreactivity for 
smooth muscle actin, but not desmin." 


Muscularis Propria 


The muscularis propria, or detrusor muscle, consists of 
aggregates of large, thick, compact bundles of smooth 
muscle with variable amounts of interspersed collagen 
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Figure 5-4 E A: The histology of the muscularis mucosae is classically described as disorganized wispy fascicles of smooth muscle 
within the lamina propria. B: However, recent studies have described more histologic variability. In the dome, individual rounded bundles 


of smooth muscle are common. 
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Figure 5-4 E (Continued) C: Unlike muscularis propria, these individual rounded bundles of muscularis mucosae are separated by 
stroma. D: In patients with urinary outlet obstruction, typically due to prostatic hyperplasia, the muscularis mucosae may become hypertro- 
phic. The disarray of the smooth muscle fibers characterizes hyperplastic muscularis mucosae. 


and adipose tissue (Fig. 5-6A).*° Although the muscularis 
mucosae may have individual thick muscle bundles (i.e., 
hyperplastic muscularis mucosae), the muscularis propria 
has distinct tight aggregates of several discernable com- 
pact smooth muscle bundles that aid in their recognition 
(Fig. 5-6B). Because of variation in thickness of the lam- 
ina propria, the muscularis propria may be surprisingly 
superficial in some biopsies, particularly in the trigone 
(Fig. 5-6C). In this location, typical deeper muscularis 
propria bundles become smaller in caliber as they reach 
toward the surface and are found in almost a suburothelial 
location. 

Recent studies have described distinct patterns of immu- 
noreactivity between the muscularis mucosae and muscula- 
ris propria with the antibody to smoothelin, a monoclonal 
antibody to contractile smooth muscle.'*? Muscularis pro- 
pria reportedly shows strong and diffuse immunoreactivity 
to smoothelin, while the muscularis mucosae is negative 
or have only weak, focal staining (Fig. 5-7). Some studies, 
however, have reported more overlap in intensity between 
the muscularis mucosae and muscularis propria; therefore, 
marked caution should be maintained while using this anti- 
body in a diagnostic setting for the recognition of muscularis 
propria.” 


Table 5-1 


Adventitia and Perivesical Adipose Tissue 


These tissues are deep to the muscularis propria and consist 
of loose fibroconnective and adipose tissue with interspersed 
small peripheral nerves. The demarcation between the mus- 
cularis propria and perivesical fat is not well delineated, 
which may create problems in staging some bladder cancers 
that extend to this irregular border (i.e., pT2 vs. pT3 disease) 
(Fig. 5-8). 


Paraganglia 


Paraganglia may be present at any level within the bladder 
wall, but are more commonly deep seated (Fig. 5-9). They 
are generally not diagnostically important, but their exis- 
tence explains the occasional occurrence of paraganglioma 
in the bladder. Occasionally, they may be mistaken as nests 
of carcinoma in resections for prostatic or urothelial carci- 
noma. The typically prominent nucleoli in the endocrine cell 
population of paraganglia may lead to the consideration of 
prostatic carcinoma. The presence of coarse intracytoplas- 
mic granules or prominent interspersed capillary-sized blood 
vessels may aid in recognition as paraganglia. The endocrine 
cells of paraganglia express synaptophysin and other neuro- 
endocrine markers, but are nonreactive for cytokeratins. 


MUSCULARIS MUCOSAE VERSUS MUSCULARIS PROPRIA 


Muscularis Propria 


Muscularis Mucosae 


e Typical: Dense compact smooth muscle bundles 
arranged into large solid aggregates. 

e Dispersed: In some examples, there may be dispersion 
of thin smooth muscle bundles from the muscularis 
propria into the deep lamina propria. In this setting, we 
use the point at which the muscle is comprised of a 
solid compact layer as the line of demarcation between 
muscularis propria and lamina propria. 


e Typical. Thin, irregular, wispy fascicles of smooth muscle of 


variable caliber. 


e Dome/trigone variation. The muscularis mucosae in the dome/ 


trigone may consist of small individual rounded dense bundles 
of smooth muscle separated by stroma. 


e Compensatory hyperplasia: With obstruction, the number of 


fascicles of muscularis mucosae may be markedly increased; 
however, they remain disorganized and are often splayed in 
multiple directions. 
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Figure 5-5 W There is a variably cellular layer of spindled 
myofibroblasts beneath the urothelium. These cells often show 


elongated nuclei and long cytoplasmic processes. 
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Figure 5-6 E A: Adipose tissue may be present at any level 
within the bladder wall. In this example, a lobule of adipose tissue 
is seen within the muscularis propria. B: The muscularis propria is 
comprised of compact well-delineated aggregates of smooth mus- 
cle. C: In some areas, such as the trigone, the muscularis propria is 
located very superficially. 


MALFORMATIONS 


Agenesis and Hypoplasia 


Congenital absence of the urinary bladder is extremely rare, 
and <70 cases are reported. By definition, the ureters empty 
into a structure other than the bladder such as the vagina,” 
uterus,” rectum,” or skin.” Accompanying hydronephrosis 
secondary to ureteral obstruction is common. In a subset of 
cases, a cloaca persists. Agenesis has been associated with a 
variety of other malformations?” and is reportedly common 
in sirenomelia.”? Agenesis is most often associated with still- 
birth, but viable live births with agenesis are reported, most 
commonly female neonates. 

Hypoplasia of the urinary bladder is defined as a small 
bladder with a thin wall and an abnormally formed muscu- 
laris propria. Hypoplasia is almost always found in the set- 
ting of congenital renal malformations such as bilateral renal 
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Figure 5-7 E Auisenpiothielin antibodies highlight the muscularis propria (A) with a strong and diffuse pattern of immunoreactivity. 
In contrast, the muscularis mucosae (B) are typically negative or show only weak, focal staining. 


agenesis or other abnormalities that lead to an absence of 
urine entering the bladder (e.g., bilateral ureteral ectopia).*° 
Rarely, bladder hypoplasia may be due to an absence of urine 
collection in the bladder due to low outlet resistance from 
causes such as epispadias. 


Megacystis 


This is defined as massive congenital dilatation of the blad- 
der. Some authors have restricted the term to cases with thin 
and untrabeculated walls (1.e., functional obstruction), while 
others have included cases with bladder neck or urethral 
obstruction showing classic hypertrophy of the bladder mus- 
culature. Severe vesicoureteral reflux is common with associ- 
ated hydroureter, hydronephrosis, and cystic renal dysplasia. 

In rare cases, megacystitis is associated with the intes- 
tinal pseudoobstructive, autosomal recessive disorder 
termed megacystitis—microcolon—intestinal hypoperistalsis 


syndrome. One report has suggested a loss of interstitial 
cells of Cajal as part of the pathogenesis,*' but a consensus 
has not been reached.” 


Duplication and Septation 


Congenital division of the urinary bladder refers to the pres- 
ence of more than one vesical lumen. This may result from a 
spectrum of abnormalities that range from complete duplica- 
tion with separate bladders to the presence of an intravesical 
septum that divides the lumen of a single bladder. Although 
many patients are asymptomatic, incomplete bladder empty- 
ing may predispose to urinary tract infections. The clinical 
treatment is extremely variable, depending on the extent of 
anomalies and the presence of any functional impairment in 
an individual patient.” 

Congenital division of the bladder may occur by complete 
or partial duplication.***> In complete duplication, there are 


Figure 5-8 W The interface between the muscularis propria 
and the perivesical soft tissue is often irregular, which may cause 
difficulties in assessing microscopic invasion for staging purposes. 


Figure 5-9 W Incidental paraganglia may rarely be found 
in the bladder wall. These are likely the origin of rare bladder 
paragangliomas. 
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two bladders with fully formed mucosal and muscular walls. 
Each side receives a single ureter and drains into separate 
duplicate urethras. Complete duplication is typically asso- 
ciated with duplication of the internal and external geni- 
tal organs, hindgut, and caudal vertebral column.*° Partial 
duplication, which is less common than the complete form, 
is defined as two bladders that share a common bladder neck 
and drain into a common urethra. 

Septation is most commonly characterized by a complete 
sagittal septum that divides the bladder into two compart- 
ments. The bladder may appear grossly normal from the exter- 
nal surface. In contrast to partial duplication, only one side 
drains to the urethra. If a ureter empties into the blind-ending, 
obstructed side, then resultant unilateral dilatation with hydro- 
ureter, hydronephrosis, and cystic renal dysplasia are expected. 
Microscopically, the septum consists of two mucosal surfaces 
divided by fibroconnective tissue, with or without smooth 
muscle. Coronal septations are very rare, as are incomplete, 
nonobstructing septations. Finally, the “hourglass” bladder has 
a horizontal narrowing near the middle secondary to a hori- 
zontal band of smooth muscle, giving it its distinctive shape. 


Diverticula 


Bladder diverticula may be congenital or acquired. The 
majority occur in men >50 years of age with urinary outflow 
obstruction secondary to benign prostatic hyperplasia. In 
children, causes include localized alterations of the muscu- 
laris propria, neurogenic bladder, and a variety of syndromes 
including Menkes,” Williams, prune-belly, and Ehlers- 
Danlos syndromes.” Diverticula typically occur in the region 
of the ureterovesical junction, likely secondary to the normal 
disruption of the muscularis propria by the adjoining ureter. 
While most diverticula are small and asymptomatic, larger 
lesions may cause ureteral obstruction, recurring infections, 
or stones. Diverticula also are at risk for the development of 
neoplasia secondary to urinary stasis.“ 


Exstrophy 


Exstrophy is a congenital defect in the anterior bladder wall 
and ventral body wall, which results in external protrusion of 
exposed bladder mucosa (Fig. 5-10). At the margins of the 
defect, the urothelial lining is contiguous with the epider- 
mis. With exstrophy, urine drains from the ureteric orifices 
onto this exposed surface of the bladder, which has a hyper- 
emic appearance and may contain polyps.* The prevalence 
of exstrophy at birth is approximately 1 per 30,000 (rang- 
ing from 1:10,000 to 1:50,000 in published reports), and 
there is a male predominance up to 6:1; it is usually diag- 
nosed with routine prenatal imaging. The recurrence risk 
for an individual family is approximately 1 in 100, which 
is approximately 500 times the expected risk. It is usually 
associated with other defects in the bony pelvis and external 
genitalia. In males, an open (epispadic) urethral plate covers 
the whole dorsum of the penis from the open bladder to the 
glandular groove. Females typically have a split clitoris next 
to the open urethral plate with associated narrowed vagina 


Figure 5-10 W Bladder exstrophy is clinically striking with 
the bladder mucosa exposed on the surface of the abdominal wall. 
(Courtesy: Dr. Michael Hsieh, Stanford University.) 


and shortened perineum. The frequent association with epi- 
spadias has led to the use of the term exstrophy—epispadias 
complex. Associated bilateral inguinal hernias are also com- 
mon, and spina bifida is present in 18% of cases. 

The etiology of exstrophy is not fully understood. The 
defect in the urinary bladder and anterior body walls results 
from incomplete closure of the mesoderm. There are varying 
theories about the mechanism of this incomplete closure that 
include (a) overdevelopment of the cloacal membrane, (b) 
premature rupture of the cloacal membrane, and (c) caudal 
maldevelopment of the genital tubercles.“ 

Histologically, the mucosa of the extruded bladder is 
comprised of metaplastic epithelium with acute and chronic 
inflammation and ulceration. Squamous metaplasia and 
cystitis glandularis with intestinal metaplasia are minimal 
at birth, but develop with time. After closure, squamous 
metaplasia and inflammation persist, but glandular changes 
become less prominent.*° Unusual “hyperplastic”-appearing 
benign mucosal polyps are also commonly seen. 

Patients with exstrophy have a well-described risk of 
developing cancer, most commonly adenocarcinoma.*”** 
Squamous cell carcinoma may also arise, and urothelial car- 
cinoma and even rhabdomyosarcoma are rarely reported.” > 
Although this cancer risk seems greatest in bladders with- 
out complete repair or those surgical repairs in which fecal 
exposure to the urothelium is present,” the risk following 
complete surgical repair is likely low, but remains uncer- 
tain.“ These neoplasms may occur in the bladder proper or 
in urinary—intestinal anastomoses. 


Vascular Malformations and Other Benign 
Vascular Abnormalities 


Vascular malformations may rarely involve the urinary blad- 
der. Patients may present with hematuria, or the lesions 
may be discovered incidentally during cystoscopic evalua- 
tion. They may be small hemorrhagic submucosal lesions to 
large broad-based polypoid masses measuring up to 6 cm.*” 
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Figure 5-11 W Vascular malformations are typically comprised 
of dilated vascular spaces admixed with fat or normal bladder tissues. 


Some are associated with syndromes such as Klippel- 
Trenaunay-Weber syndrome.**°? Preoperative imaging often 
suggests a vascular lesion, and in large masses Doppler flow 
studies may show a shunt in lesions with an arterial compo- 
nent. Morphologically, these lesions consist of large abnor- 
mally dilated vascular channels with varying components of 
arterial, venous, and lymphatic vessels (Fig. 5-11). The ves- 
sel walls vary in thickness with varying amounts of medial 
and elastic layers. Vascular malformations may have over- 
lying ulceration and associated reactive urothelial atypia, 
including pseudosarcomatous epithelial hyperplasia.” 

Some cases may show rather florid papillary endothelial 
hyperplasia, either with or without an associated vascu- 
lar malformation, and this hyperplasia can mimic angio- 
sarcoma. The overall circumscription of this endothelial 
hyperplasia within the confines of a vascular space and 
the absence of significant cytologic atypia generally allow 
distinction from an angiosarcoma. Papillary endothelial 
hyperplasia is well described in the setting of prior local 
radiation.” A component of adipose tissue is often admixed 
with large vascular malformations and may cause confu- 
sion with adipocytic tumors; however, the presence of the 
large dilated vascular channels excludes the possibility of an 
adipocytic tumor. Angiomyolipoma is distinguished by the 
presence of neoplastic cells within the walls of the vessels 
that have eosinophilic to clear cytoplasm and coexpress actin 
and HMB-45 or other melanocytic markers.°! 


Persistent Cloaca 


Persistent cloaca, also called cloacogenic bladder, is defined 
as a retained connection between the urinary bladder, rectum, 
and/or vagina. The cloaca is a single embryonic canal from 
which the urinary, genital, and intestinal tracts arise at gesta- 
tional weeks 5 to 6. Although the diagnosis has historically 
been restricted to females due to relatively arbitrary distinc- 
tions, many now accept that it occurs in both sexes when the 
diagnosis is based on contemporary embryologic criteria. 
The literature has referred to these abnormalities in the male 
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as “partial urorectal septum malformation sequence” and 
“cloacal dysgenesis sequence.” Determining its frequency 
is difficult because of variable definitions employed in the 
literature and the exclusion of male defects. By traditional 
definitions based on malformations in females, it occurs in 
1 per 20,000 births. In females, the defect is characterized 
by the terminal rectum, vagina, and urinary tracts all open- 
ing into a shared cloacal pouch. The persistent cloacal pouch 
is often connected to a single perineal opening, but this is 
occasionally absent. In males, the lumen of the rectum and 
urinary bladder are connected by a fistula, and the anus is 
imperforate. Associations with a variety of other complex 
malformations of the genital tract are common. Some of 
the associated malformations may actually be due to the 
resultant oligohydramnios. Persistent cloaca is presumably 
due to incomplete septation of the embryonic cloaca by the 
urorectal septum, but the underlying cause of this has not 
been determined and may be multifactorial. Some animal 
models suggest the role of B-class Eph/ephrin signaling.” 
Complex surgical reconstruction is the standard treatment.” 


INFLAMMATION AND INFECTION | 


Reactive Urothelial Atypia 


Reactive urothelial changes, sometimes florid, may be 
associated with instrumentation, indwelling catheters, and 
any inflammatory condition. Morphologically, the reactive 
urothelial cells may show some degree of nucleomegaly and 
hyperchromasia, but the overall architecture of the urothelial 
cells (i.e., even spacing and alignment perpendicular to the 
basement membrane) is generally maintained. Intercellular 
edema may be conspicuous, and an associated intraurothe- 
lial inflammatory infiltrate is common.” Despite the prom- 
inence of one or multiple nucleoli and increased mitotic 
activity (which may be striking), the chromatin remains 
finely dispersed throughout the nucleus (Fig. 5-12A and 
B). These nuclear changes suggest urothelial carcinoma in 
situ (CIS), but the nuclear pleomorphism, irregular distribu- 
tion of nuclear chromatin (i.e., striking nuclear hyperchro- 
masia), and the loss of orderly alignment of the individual 
cells in CIS are distinctive (Table 5-2). The use of adjunc- 
tive immunohistochemistry to aid in this distinction has 
been studied, and a panel of antibodies to cytokeratin 20, 
p53, and standard isoform CD44 may be useful in some 
settings (Fig. 5-13). CIS shows strong diffuse cytoplas- 
mic immunoreactivity for CK20 in approximately 80% of 
cases, while diffuse nuclear p53 reactivity is seen in up to 
57%. CD44s expression is either limited to the basal layer 
or absent in CIS. In contrast, reactive atypia is characterized 
by full-thickness membranous reactivity for CD44s with 
CK20 expression limited to superficial umbrella cells. p53 
may show patchy nuclear staining in benign and reactive 
urothelium, but it does not have the intensity or the diffuse 
immunoreactivity pattern typical of CIS. Reactive urothelial 
atypia due to radiation and chemotherapy is discussed in 
detail below (see Box 5-1). 
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nucleoli are typical in reactive urothelial changes. In contrast to flat neoplasia, the nuclear contours are sharp and the chromatin remains 
fine and evenly distributed. Mitotic figures may be increased and may extend into the upper layers of the urothelium. B: In this example of 
reactive atypia, the nucleoli are more prominent, but the chromatin remains fine. Neutrophilic infiltrates are also common. 


Papillary—Polypoid Cystitis 


Papillary/polypoid cystitis is a clinically benign pattern of 
urothelial injury often secondary to an indwelling catheter 
or vesical fistula, but of diverse potential etiologies.” 
This lesion affects a broad age range, but the mean patient 
age is 49 years, and the majority of patients are male. It is 
relatively rare, but polypoid cystitis may be seen in up to 
80% of the patients with an indwelling catheter. It may also 
be seen after radiation therapy. Although usually of micro- 
scopic size, grossly visible polypoid lesions may be seen. 
The entire bladder may be involved when a catheter has been 
present for a prolonged period of time, usually 6 months or 
more. With vesical fistula, extravesical symptoms may be 
initially absent in approximately half the cases, making diag- 
nosis difficult. The cystoscopic appearance may also closely 
mimic a neoplasm. 

Morphologically, the papillary and polypoid patterns 
may be intermixed, but lesions with relatively slender, 
nonbranching exophytic projections are termed papillary cys- 
titis, while broad-based, edematous lesions have been termed 


polypoid cystitis (Fig. 5-14A and B). Characteristically, the 
exophytic appearance results from edema in the lamina 
propria, but variable fibrosis, chronic inflammation, and 
associated dilated blood vessels are also present. These 
lesions exist along a morphologic continuum with bullous 
cystitis depending on the degree of edema; some authors 
have used the following convention: Lesions that are taller 
than they are wide are termed papillary/polypoid cystitis and 
vice versa for bullous cystitis. Older lesions tend to have less 
edema with more stromal fibrosis. As papillary and polypoid 
cystitis are usually associated with inflammation, there may 
be metaplastic changes in the lesional or adjacent urothelium. 
In both types of cystitis, the urothelium may be hyperplas- 
tic and reactive appearing, but usually is not as stratified as 
in a neoplasm. Some authors have suggested that the lesion 
described as “fibroepithelial polyp” of the bladder has many 
similar histologic features and may represent an end-stage 
phase of papillary—polypoid cystitis. 

The main diagnostic consideration is a low-grade papillary 
urothelial neoplasm, particularly urothelial papilloma or 
papillary urothelial neoplasm of low malignant potential. In 


Table 5-2 m IMMUNOPHENOTYPE OF FLAT LESIONS 


CIS Reactive Atypia 
CK20 e Strong cytoplasmic reactivity in neoplastic cell e Strong cytoplasmic reactivity in the umbrella cell layer 
population only 
e May be full thickness or individual cell staining e Typically no staining in basal and intermediate cell 
depending on pattern of CIS (e.g., pagetoid CIS) population 
CD44 e Strong membranous reactivity may be seen in e Strong membranous immunoreactivity typically seen 
residual basal cells, if present in the full thickness of the urothelium 
e Membranous reactivity may also be seen in 
surrounding benign cells in pagetoid CIS 
p53 e Strong diffuse nuclear reactivity in the neoplastic e Various levels of patchy nuclear staining may 


cell population (requires high threshold for 
positive staining) 


be seen depending on individual lab 
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Figure 5-13 E Reactive urothelial atypia (A, H&E) has a characteristic immunophenotype with CK20, CD44, and p53 immunohis- 
tochemistry. CK20 (B) highlights the umbrella cell layer, while CD44 (C) shows strong membranous reactivity in the full thickness of the 
urothelial cells. p53 (D) shows weak and isolated nuclear staining, but strong and diffuse reactivity is not seen. 


some cases, usually with recent catheterization, papillary/ 
polypoid cystitis shows marked reactive epithelial changes 
with small, prominent nucleoli, urothelial hyperplasia, and 
mitotic activity mimicking a high-grade lesion.” In general, 
papillomas have more slender papillae; the papillae of papil- 
lary cystitis often have a bulbous tip with prominent stromal 
edema. In addition, urothelial papillomas have other features 
that, at least in aggregate, may aid in the distinction when 


Box 5-1 NONNEOPLASTIC FLAT LESIONS 
OF URINARY BLADDER 


Reactive urothelial atypia 
May have rounded nuclei with increased mitotic activity 
Retains finely dispersed nuclear chromatin 
Nuclei enlarged, but typical size is <3—4 lymphocyte nuclei 
Often associated with acute inflammation 
Polyoma virus 
Urothelium may have scattered cells with hyperchromatic, 
smudgy chromatin. 
Can be confirmed by antibodies to polyoma virus 
Flat nephrogenic adenoma 
Surface lined by a single layer of short cuboidal epithelial 
cells 
Express PAX8 


present: a very prominent umbrella cell layer or marked 
cytoplasmic vacuolization, a gland-in-gland pattern within 
the papillae, a dilated lymphatic space filling the papil- 
lae, a more complex papillary pattern with secondary and 
tertiary branching, and an admixed endophytic (inverted) 
component.’!” Significant cytologic atypia within a papil- 
lary lesion or the adjacent urothelium favors a diagnosis of 
neoplasia. 


Giant-Cell Cystitis 


Atypical, mononucleated or multinucleated mesenchymal 
cells are a relatively frequent finding in the lamina propria 
of the bladder (Fig. 5-15). Wells found them in one-third of 
cases of cystitis at autopsy and applied the term giant-cell 
cystitis to those cases. Cells of this type are relatively 
common in the lamina propria of routine biopsies without 
significant cystitis. Their nuclei are frequently hyperchro- 
matic and multilobated, but mitotic figures are typically 
absent. The cells resemble those that may be seen in vari- 
ous benign mesenchymal tumors and in the stroma of the 
female genital tract; therefore, when clustered closely, they 
may mimic a mesenchymal neoplasm. Similar cells may be 
seen in patients treated with chemotherapeutic agents and 
radiation.” 
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Figure 5-14 E A: In papillary/polypoid cystitis, the exophytic projections have a broad base due to underlying edema. In addition, 
the complex hierarchical branching of papillary neoplasia is absent. B: Biopsies taken near the tips of the papillary component may easily 


be mistaken for papillary neoplasia. 


Follicular Cystitis 


Follicular cystitis, which is also called cystitis follicularis or 
lymphofollicular cystitis, is reportedly more prevalent in chil- 
dren, but occurs across a wide age range and may have multi- 
ple etiologies.” It is often associated with repeated bacterial 
urinary tract infections and factors that contribute to prolonged 
infection such as paraplegia and indwelling catheters.” Other 
associations include carcinomas of the urinary bladder (with 
sterile urine), intravesical Bacillus Calmette-Guérin (BCG) 
or interferon therapy, and Salmonella infection.” Grossly, the 
urothelial mucosa is edematous with small pale to white nod- 
ules. Microscopically, the nodules are composed of lymphoid 
follicles in the lamina propria with or without germinal center 
formation (Fig. 5-16). When due to infection, the lymphoid 
follicles often disappear when abacteriuria is achieved.” 
Although rare, the main differential diagnosis is a low-grade 
malignant lymphoma, such as follicular lymphoma, involving 
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Figure 5-15 E Increased numbers of multinucleated atypical stro- 
mal cells within the lamina propria have been termed giant-cell cystitis. 


the urinary bladder. Lymphoma may be excluded by a rou- 
tine immunohistochemistry evaluation to distinguish reactive 
lymphoid from neoplastic proliferations.” *° Clinically, the 
nodular lesions seen on cystoscopy may mimic other infec- 
tions such as tuberculosis, but the absence of granulomatous 
inflammation excludes that possibility. 


Painful Bladder Syndrome or Interstitial Cystitis 


Interstitial cystitis, now commonly referred to as “painful blad- 
der syndrome,” is a poorly defined chronic inflammatory pro- 
cess of unknown etiology that affects the urinary bladder.*! 
The clinical symptoms include urinary frequency, urgency, 
nocturia, suprapubic pressure, and pain with either bladder 
distention or voiding. By definition, patients experience the 
clinical urinary symptoms despite sterile urine cultures by 
routine laboratory techniques. Urodynamic studies typically 
reveal decreased bladder filling capacity. Prior therapies with 


lymphocytic infiltrates with germinal center formation. 
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known bladder irritants, concomitant urothelial neoplasia, and 
infections would exclude the diagnosis of interstitial cystitis.*! 
The American Urologic Association guidelines have provided 
the following modified definition: “An unpleasant sensation 
(pain, pressure, discomfort) perceived to be related to the uri- 
nary bladder, associated with lower urinary tract symptoms 
of more than 6 weeks duration, in the absence of infection or 
other identifiable causes.”® 

The reported incidence of painful bladder syndrome/inter- 
stitial cystitis varies widely, ranging from 10 to 510 per 
100,000. This variation is likely due to the varied criteria that 
have been utilized for diagnosis between different studies. 
Despite being described almost 100 years ago, the disease 
remains a clinical and therapeutic enigma. Some research 
has suggested the possibility of an autoimmune disorder, but 
there is no general agreement about the pathophysiology of 
the disease. 

Cystoscopic evaluation of the disease may be catego- 
rized as “nonulcer or early disease” and the classic type. The 
nonulcer disease is characterized by normal mucosa at ini- 
tial evaluation with the development of small submucosal 
hemorrhagic foci, called glomerulations, and linear cracks 
during/after distention (Fig. 5-17). In the classic pattern, 
there are single or multiple patches of reddened mucosa 
with small blood vessels radiating from a central mucosal 
scar. Classically, the mucosa ruptures under hydrodistention 
creating oozing of blood, which is the prototypical Hunner 
ulcer. In well-developed cases, the entire wall may be fibrotic 
and contracted. The trigone, in general, is not involved. 

The role of morphology in the diagnosis of interstitial cys- 
titis remains controversial. In our opinion, the role of the sur- 
gical pathologist is twofold: (a) most importantly, to exclude 
other specific forms of cystitis and urothelial CIS and (b) 
to detail histologic features for correlation with cystoscopy. 
There are no pathognomonic histologic features of interstitial 
cystitis, but common findings include ulceration with vari- 
ably admixed fibrin, erythrocytes, and inflammatory cells, 
especially neutrophils. Associated granulation tissue and 


Figure 5-17 W Interstitial cystitis is often characterized 
cystoscopically by small foci of mucosal hemorrhage called 
glomerulations. 
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Figure 5-18 W In interstitial cystitis, variable surface erosion 
with hemorrhage is common. 


perineural lymphocytic infiltrates are common, and urothelial 
denudation is frequent. Ulcers typically extend deep into the 
lamina propria with surrounding edema and congestion. In 
patients without ulcers, the morphologic changes may be 
subtle and include suburothelial hemorrhage, edema, and 
possibly mucosal tears (Fig. 5-18). In long-standing disease, 
fibrosis of the muscularis propria may be present. There is 
considerable debate regarding the utility (i.e., specificity) of 
mast cell counts in the distinction from other inflammatory 
processes. However, there are reports of increased intravesi- 
cal mast cell infiltrates in patients with interstitial cystitis 
(Fig. 5-19A and B).***° One of the major roles of biopsy eval- 
uation is to exclude other lesions in the clinical differential 
diagnosis, particularly urothelial CIS. When the urothelium 
is extensively denuded, additional levels may be necessary to 
exclude this possibility. Since the morphologic features are 
not entirely specific, the final diagnosis of interstitial cystitis 
requires close clinical (1.e., history, cystoscopy, and voiding 
studies) and pathologic correlation. 

A recent review of patient management identified >180 
published treatment modalities.** These modalities include 
variations of behavioral, dietary, pharmacologic, and surgical 
interventions. There is general agreement on the use of some 
oral and intravesical agents, such as amitriptyline, hydroxy- 
zine, and pentosan polysulfate sodium; however, there is a 
lack of definitive conclusions regarding optimal therapy. 


Radiation and Chemotherapy Cystitis 


In radiation or chemotherapy cystitis, patients often present 
with hematuria or voiding symptoms. Biopsy evaluation 
of the urothelium may show striking cytologic atypia.” 
Cytoplasmic and nuclear vacuolation, karyorrhexis, and 
a normal nuclear—cytoplasmic ratio are features sugges- 
tive of radiation injury (Fig. 5-20A and B). In general, 
robust mitotic activity is absent. These histologic and clini- 
cal changes are both time and dose dependent; however, 
histologic changes may be seen for years. In addition, the 
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Figure 5-19 E A: Although its specificity has been debated, increased mast cells within the muscularis propria are reported in inter- 
stitial cystitis. B: The mast cells may be highlighted by a toluidine blue stain. 


toxicity may be potentiated by concomitant therapy with 
cyclophosphamide. Radiation-induced histologic changes 
are similar to those seen with intravesical chemotherapy, but 
with intravesical chemotherapy the histologic changes are 
often more restricted to the superficial urothelial cell layer. 
Atypical mesenchymal cells similar to those seen in giant- 
cell cystitis are also typically present in the lamina propria 
(Fig. 5-21). Other characteristic changes of radiation injury 
including marked stromal edema or fibrosis; prominent tel- 
angiectatic change, hyalinization, and thrombosis of the ves- 
sels are also helpful. Pseudocarcinomatous hyperplasia of 
the epithelium (discussed later) may be striking. 

In the posttherapy setting, one should have a high threshold 
for the diagnosis of urothelial CIS. In difficult cases with uncer- 
tainty as to the appropriate diagnosis, use of the diagnostic 


term “atypia of unknown significance” is warranted. This 
allows repeat cystoscopy and biopsy evaluation after inflam- 
mation resides and avoids the potential overdiagnosis of 
reactive urothelial neoplasia. 

Marked urothelial changes may be seen following radiation 
or chemotherapy. In general, radiation atypia is characterized 
by changes in the umbrella cell layer that include cytoplasmic 
vacuolization, nucleomegaly, and multinucleation. A reac- 
tive immunophenotype is maintained in reactive urothelial 
changes secondary to radiation therapy.*” Intravesical che- 
motherapy with agents such as mitomycin may also cause 
marked epithelial atypia. There are very little data available in 
the diagnostic pathology literature on the specific urothelial 
alterations after intravesical chemotherapy, but in our expe- 
rience the cytoplasm of the urothelial cells becomes more 


cytoplasmic vacuolization, and (B) multinucleation. The underlying tissue, including blood vessels, commonly shows hyalinization. 
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Figure 5-21 W With radiation therapy, the stromal cells of 
the bladder may suggest prior radiation exposure given the degree 
of atypia with marked variation in size. 


uniformly eosinophilic, and nuclear changes similar to those 
seen with radiation are common (Fig. 5-22A and B). 


Hemorrhagic Cystitis 


Hemorrhagic cystitis is caused predominantly by chemo- 
therapeutic agents, most commonly cyclophosphamide, 
methotrexate, and radiation therapy,® but viral etiologies 
are also well described (see “Viral Cystitis”). Less com- 
mon causes include other chemotherapeutic agents such 
as busulfan and thiotepa, aniline and toluidine derivatives 
used in dyes and insecticides, and many other compounds.” 
The clinical presentation is typically onset of severe hema- 
turia shortly after exposure to the inciting agent (Fig. 5-23). 
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Morphologically, hemorrhagic cystitis is characterized by 
extensive hemorrhage into the lamina propria with vascular 
congestion and edema. The overlying epithelium may show 
striking nuclear atypia similar to that seen in association 
with radiation or intravesical chemotherapy. 


Eosinophilic Cystitis 


“Eosinophilic cystitis” is a descriptive term that has been 
applied to mixed inflammatory infiltrates of the lamina pro- 
pria rich in eosinophils (Fig. 5-19).?'°? This type of inflamma- 
tory infiltrate is seen in a broad age range, but approximately 
20% of cases occur in children. There is an equal sex distri- 
bution. Patients often present with dysuria, frequency, hema- 
turia, and/or flank pain. Rarely, patients can present with an 
infiltrative mass lesion that may induce urinary obstruction. 
On cystoscopy, the lesions often have a polypoid appearance 
that may mimic polypoid cystitis or urothelial carcinoma in 
adults or a botryoid rhabdomyosarcoma in children. 
Eosinophilic cystitis is best regarded as a pattern of 
inflammation associated with a variety of causes and not 
a single diagnostic entity; however, there are two general 
settings: (a) allergy related and (b) injury related. Bladder 
eosinophilia has been reported in association with aller- 
gic gastroenteritis, asthma, or other allergic disorders, 
especially in women and children.” This likely represents 
a systemic eosinophilic process that is distinct from the 
other nonspecific infiltrates. In adults, most commonly 
older males, eosinophilic infiltrates are more frequently 
associated with bladder injury from underlying prostatic 
hyperplasia, bladder carcinoma, or prior biopsy. Rarely, 
eosinophilic cystitis may be seen secondary to a parasitic 
infection.” The word “eosinophilic” occasionally causes 
some confusion with neoplastic entities in children and 


appearing re-epithelialized urothelium. These reactive cells have enlarged nuclei and commonly have more eosinophilic cytoplasm impart- 
ing a squamoid appearance. B: At higher magnification, the fine chromatin of the reactive urothelial cells with enlarged nuclei can be seen. 
Compared to the overlying urothelium, these nests of cells with prior exposure to intravesical chemotherapy have a more pronounced cyto- 
plasmic eosinophilia. 
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Figure 5-23 E In this postmortem bladder specimen, the 
diffuse mucosal hemorrhage characteristic of hemorrhagic cystitis 
due to prior systemic chemotherapy is seen. (Courtesy: Dr. Don 
Regula, Stanford University.) 


young adults; however, it should be emphasized that there is 
no relationship to Langerhans cell histiocytosis (previously 
called eosinophilic granuloma). 

Histologically, early lesions of eosinophilic cystitis are 
characterized by inflammatory infiltrates rich in eosinophils 
(Fig. 5-24). In some cases with extensive infiltrates, necrosis 
of the muscularis propria may be seen. As lesions mature, 
the eosinophilic infiltrate becomes less prominent with an 
admixture of mature lymphocytes and plasma cells. 

Patient management depends on the clinical setting. With 
allergy-associated lesions, removal of the inciting agent may 
alleviate the symptoms in the bladder. In idiopathic cases, a 
course of antihistamines and nonsteroidal anti-inflammatory 
agents are often tried. Other intravesical therapies, such as 
mitomycin C, dimethylsulfoxide, cyclosporine A, and oral 
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Figure 5-24 E Although nonspecific, the extensive infiltrates 


of eosinophils typical of eosinophilic cystitis are seen in this biopsy 
specimen from a bladder mass in a child. 


corticosteroids, have also been utilized. In severe cases with 
unremitting symptoms, transurethral surgical resection and 
rarely cystectomy may be required. 


Nonspecific Acute and Chronic Cystitis 


In some patients with symptomatic inflammatory conditions 
of the urinary bladder, no identifiable etiology is determined 
after workup for an infectious etiology, and the patients do 
not have clinical features of interstitial cystitis. When biop- 
sied, nonspecific histologic changes may be seen. Recent 
changes may include edema, hyperemia, neutrophilic infil- 
trate, and histiocytes. Surface ulceration as well as associ- 
ated reactive urothelial atypia may also be present. Chronic 
changes include fibrosis and mixed chronic inflammatory 
infiltrates. 


Bacterial Cystitis 


Bacterial cystitis is typically secondary to coliform bac- 
teria such as Escherichia coli, Klebsiella pneumoniae, 
and Streptococcus faecalis..*°° Another important cause 
is Proteus mirabilis. These infections are typically diag- 
nosed by urine culture, so tissue biopsy plays little role in 
management. 


Encrusted Cystitis 


Encrusted cystitis refers to the deposition of inorganic salts in 
the bladder mucosa and is caused by urea-splitting bacteria that 
alkalinize the urine.”””” It is most common in women, and pre- 
senting symptoms are similar to other urinary tract infections. 
Cystoscopically, the lesions may be diffuse and have a gritty 
appearance. Morphologically, encrusted cystitis is character- 
ized by a fibrinous exudate with admixed calcified, necrotic 
debris and inflammatory infiltrates (Fig. 5-25A and B). The 
main differential consideration is urothelial carcinoma associ- 
ated calcification, which may be seen in areas of necrosis or 
prior biopsy/resection.'” Accordingly, in a limited sample the 
carcinoma may be missed, and careful correlation with the cys- 
toscopic impression is important to avoid a delay in diagnosis. 


Gangrenous Cystitis 


Gangrenous necrosis of the bladder is most commonly 
a complication of infection, but may also be due to sys- 
temic disorders (e.g., severe diabetes mellitus, metastatic 
carcinoma, sepsis, vascular disease) or corrosive chemical 
injury.'°'' The necrosis generally begins in the mucosa and 
may progress to involve the entire wall to the serosa. 


Emphysematous Cystitis 


Emphysematous cystitis, which is more common in women 
than men, is defined as the presence of gas-filled vesicles 
that are visible by cystoscopy or gross examination. !0*!°5 
A clinical diagnosis is typically made based on plain film 
and CT imaging, which show air within the wall of the 
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Figure 5-25 W A: With encrusted cystitis, surface erosions are covered by calcified debris. B: Associated hemorrhage, granulation 


tissue, and fibrin are common. 


bladder. This lesion is typically associated with bacterial 
infections such as E. coli or Aerobacter zaerogenes. In 
adults, an association with diabetes/hyperglycemia is 
described in up to 50% of cases, but it may also be seen 
in association with neurogenic bladder, chronic cysti- 
tis, or immunosuppressed states.!%!°° In children, this is 
most commonly seen as a complication of necrotizing 
enterocolitis, secondary to gas extending from the bowel 
wall.!°’ Rare cases are associated with fungal infection. 
Gross examination reveals easily ruptured cysts that typi- 
cally range from 0.5 to 3 mm in size. Microscopically, the 
lamina propria contains cysts that are surrounded by a thin 
wall of fibrous connective tissue (Fig. 5-26). The mortal- 
ity rate is approximately 7%. Patients typically receive 
aggressive antibiotic therapy and must undergo relief of 
any urinary obstruction. 
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Figure 5-26 W Although not commonly seen in pathology 
specimens, sharply delineated cysts or spaces within resected blad- 
der tissue are characteristic of emphysematous cystitis caused by 
gas-forming bacteria. 


Malakoplakia 


Malakoplakia is an inflammatory lesion that is caused by 
impaired intraphagosomal digestion resulting in histiocytic 
accumulation.!%*"!! It occurs in a variety of anatomic loca- 
tions, but is most common in the urinary bladder and typi- 
cally associated with a coliform bacterial infection (e.g., E. 
coli). On gross examination the lesions in malakoplakia are 
often multiple and are typically soft yellow or yellow-brown 
plaques frequently with central umbilication and a hyper- 
emic rim. They typically measure under 2 cm, but larger 
nodules are seen in approximately one-quarter of the cases, 
and occasionally striking papillary or polypoid tumor—like 
lesions are seen. Morphologically, it consists of sheets 
of histiocytes with granular eosinophilic cytoplasm (von 
Hansemann cells) and small basophilic intracytoplasmic 
inclusions (Michaelis-Gutmann bodies) (Fig. 5-27A).''? The 
histiocytes are typically in the lamina propria with an intact, 
overlying urothelium. The inclusions are spherical, concen- 
trically laminated (imparting a “bull’s eye” appearance), 
and typically range from 5 to 8 um in size. The inclusions 
contain calcium and are highlighted by a von Kossa stain 
(Fig. 5-27B). In late stages of malakoplakia, the picture may 
be complicated by extensive granulation tissue and fibrosis, 
and in all stages a prominent inflammatory cell infiltrate may 
partially obscure the nature of the process. 

The main differential diagnostic consideration is a uro- 
thelial carcinoma with a sheet-like growth pattern. The 
small bland nuclei of the histiocytes and identification of 
the Michaelis-Gutmann bodies are usually sufficient for this 
distinction. In more difficult cases, an absence of cytokeratin 
immunoreactivity may be helpful. 

Patients with malakoplakia typically receive antibiot- 
ics that concentrate in macrophages (e.g., quinolones or 
trimethoprim—sulfamethoxazole). Some cases associated 
with E. coli may require surgical debridement. Some have 
suggested a role for bethanechol, which may help correct 
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Figure 5-27 E A: This example of malakoplakia shows sheets of epithelioid histiocytes containing the characteristic targetoid intra- 
cytoplasmic inclusions (Michaelis-Gutmann bodies). B: These intracytoplasmic inclusions may be highlighted by von Kossa stains that 


highlight the phosphate associated with the calcium. 


intraphagosomal digestion. Discontinuation of any immuno- 
suppressive drugs is also warranted. 


Fungal Cystitis 


Fungal cystitis is uncommon. It is usually caused by Candida 
albicans, either secondary to ascending urethral infection or 
hematogenous spread'!*''4 and is most common in debili- 
tated patients or those on antibiotic therapy, particularly dia- 
betic women. Cystoscopically, the lesions are typically small 
white mucosal plaques, but large fungal balls may rarely be 
seen. The fungal hyphae may be visible on routine stains, 
but special stains may be useful in highlighting the organ- 
isms in an acutely inflamed and ulcerated lamina propria. 
Aspergillus species and other fungal organisms have been 
rarely reported in the bladder. 


Actinomycosis 


Actinomycotic infection of the bladder is rare, but is pres- 
ent in 10% of women with actinomycosis of the ovary 
and/or fallopian tube.'!*"'§ Clinically, actinomycosis may 
present as a mass lesion that closely mimics a neoplasm 
secondary to direct continuity between adjacent organs. 
Morphologically, the bladder shows abscesses containing 
the classic “sulfur granule” colonies of Actinomyces. The 
individual bacteria may be highlighted by a Gram stain 
(Gram positive). 


VIRAL CYSTITIS | 


Human Papillomavirus 


Although more common in the urethra, condyloma acumi- 
nata may rarely involve the bladder and is morphologically 
identical to lesions occurring on the external genitalia, anus, 


and perineum.!!™!?? They are characterized by a squamous 
epithelial-lined papillary/polypoid growth with koilocytotic 
atypia (i.e., perinuclear halos, large hyperchromatic nuclei, 
frequent binucleation) (Fig. 5-28A and B). As in other sites, 
these lesions may progress to high-grade dysplasia or carci- 
noma.'3*4 The classic nuclear features aid in the distinction 
from verrucous carcinoma, papillary squamous cell carci- 
noma, and squamous papilloma. 


Adenovirus 


Adenovirus is an important cause of hemorrhagic cystitis in 
children, particularly types 11 and 21.5%!” The cystitis may 
occur after bone marrow or solid organ transplantation in 
any age group or in otherwise healthy children. 


Polyoma Virus (BK and JC) 


Rarely, cystitis may be due to infection with BK or JC 
virus, human polyoma viruses. Although infection with 
polyoma virus is relatively common in childhood, it may 
become reactivated in states of relative immune deficiency. 
Polyoma viral infection infrequently causes clinical symp- 
toms, except in immunocompromised patients with organ 
or marrow transplantation, chemotherapy, or HIV infection. 
Symptomatic patients may present with ureteral stenosis 
or interstitial nephritis.” Rarely, patients may present 
with hemorrhagic cystitis, more commonly after marrow 
transplantation. '*!-'*? 

Infection may be identified in urine cytology specimens 
(Fig. 5-29A). Polyoma viral changes are characterized by 
large, homogeneous basophilic nuclear inclusions. Because 
this change may simulate the nuclear hyperchromasia of 
urothelial CIS, the infected cells are commonly referred to 
as “decoy cells” in the pathology literature. In bladder biop- 
sies, similar cytologic changes may be seen in superficial 
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Figure 5-28 E A: Condyloma in the urinary tract often has an exophytic papillary appearance. B: The perinuclear clearing typical 
of HPV infection is seen in this bladder condyloma, but the cytologic features are often less pronounced than those more typically seen in 


the uterine cervix. 


umbrella cells (Fig. 5-29B); however, urine cytology is much 
more sensitive for identifying infected cells .'°** Antibodies 
against the LT antigen of polyoma may be used as an ancil- 
lary diagnostic test. In addition, PCR methods can be used 
to identify BK virus DNA in urine; however, BK viruria does 
not necessarily correlate with kidney or bladder damage. 
Treatment usually consists of intravenous antiviral therapy 
(e.g., cidofovir). 


Other Viruses 


Other viral causes of hemorrhagic cystitis include polyoma 
virus and herpes simplex type 2." Herpes zoster may be 
associated with reversible voiding dysfunction, and cyto- 
megalovirus may also rarely involve the bladder in immuno- 
compromised patients. 14135 
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Schistosomiasis 


Schistosomiasis is a waterborne trematode infection that is 
also known as bilharziasis.'°°!>’ Infection with Schistosoma 
haematobium is an important cause of bladder pathology, 
particularly in Africa and the eastern Mediterranean. In 
endemic regions, large percentages of the population are 
affected, particularly those with occupational exposure 
to infested water. The initial symptom of involvement in 
the genitourinary tract, which is the established phase 
of infection characterized by egg deposition, is typically 
hematuria. Diagnosis is usually by identification of eggs 
in the urine or by newer serologic tests." The infection 
is a chronic process that, if untreated, may lead to hydro- 
nephrosis, pyelonephritis, and renal failure. There is a 
high incidence of primary bladder cancer, particularly 
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Figure 5-29 E A: Polyoma virus infection may be hard to recognize in biopsy samples, but the nuclei show a typical inclusion. 
B: Polyoma virus infection is more typically diagnosed in cytology preparations, where the enlarged nuclei have intracytoplasmic inclu- 


sions. These so-called “decoy” cells may mimic urothelial neoplasia. 
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Figure 5-30 E a This k egg Te Schistosoma haematobium 


eggs become calcified and may be numerous. 


squamous cell carcinoma, in patients with chronic urinary 
schistosomiasis, which is more fully discussed in the chap- 
ter on neoplasia. Other complications include hydroureter, 
hydronephrosis with renal failure, and bacterial coinfec- 
tion. The current treatment for Schistosoma infection is 
praziquantel. 

Grossly, the bladder mucosa may show rough granular 
foci (i.e., sandy patches), sharp ulcerations with firm base, 
transverse fissures, and less commonly polyps. These features 
may simulate a neoplasm cystoscopically. Microscopically, 
numerous ova are seen with a surrounding granuloma- 
tous response, chronic inflammation, hemorrhage, and 
mucosal ulceration (Fig. 5-30A). The schistosomal eggs 
become calcified over time (Fig. 5-30B). Metaplastic uro- 
thelial changes, including keratinizing squamous metaplasia 
and intestinal metaplasia, are common. In long-standing 


is simotaded by an acute aina response. B: Over time, the 


infections, considerable fibrosis may be present, and the 
associated complications may occur in this inactive phase 
when diagnosis is more difficult. 


Granulomatous Cystitis 


Postsurgical necrobiotic granulomas are relatively common 
following previous transurethral biopsies/curettings (pres- 
ent in 14% of patients with two surgical procedures). 
Histologically, they are linear or serpiginous in shape and are 
characterized by central granular eosinophilic material sur- 
rounded by palisading histiocytes and multinucleated giant 
cells (Fig. 5-31).! The surrounding tissue typically shows 
dense fibrosis and mixed chronic inflammation that may 
be eosinophil-rich. These lesions progress to dense fibrous 
scars that occasionally calcify. 


Figure 5-31 E A: Granulomas due to prior biopsy/curettage are fairly common in bladder follow-up biopsies or resection specimens. 
These postbiopsy granulomas often have a linear or serpiginous shape. B: They characteristically have central granular eosinophilic material 
surrounded by palisading histiocytes and multinucleated giant cells. 
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Figure 5-32 E Xanthogranulomatous inflammation is char- 
acterized by sheets of foamy histiocytes, often admixed with other 
inflammatory cells. 


Xanthogranulomatous cystitis consists of sheets of foamy 
histiocytes without well-formed granulomas (Fig. 5-32).!40"'? 
Unlike malakoplakia, Michaelis-Gutmann bodies are not 
present. A similar reaction may be rarely seen in association 
with carcinoma of the bladder. 

Granulomas are commonly associated with administra- 
tion of intravesical BCG, which has become common therapy 
for urothelial CIS and high-grade superficial bladder cancer. 
BCG induces a marked inflammatory response with denuda- 
tion of the urothelium; the lamina propria typically shows 
mixed chronic inflammation admixed with small epithelioid 
granulomas, typically with associated multinucleated giant 
cells (Fig. 5-33).!!* The granulomas are usually superficial 
with a round contour and no necrosis. Acid-fast stains are 
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not necessary in the proper clinical context, but they may 
highlight organisms. '*° 

Tuberculous cystitis is most commonly caused by 
Mycobacterium tuberculosis, but Mycobacterium bovis may 
rarely be a causative agent.'**!*” It is almost always second- 
ary to renal tuberculosis as organisms are carried to the blad- 
der through infected urine. Because of this descending route 
of infection, the early lesions are generally in the region of 
the ureteral orifice. These lesions consist of small 1 to 3 mm 
tubercles that may coalesce and ulcerate. Morphologically, 
there is central necrosis surrounded by histiocytes with 
admixed multinucleated giant cells and lymphocytes. 
Mycobacterium may be demonstrated by acid-fast stains, 
molecular techniques, or cultures. 

Other noninfectious granulomatous processes may involve 
the urinary bladder and include sarcoidosis, Crohn disease, 
rheumatoid arthritis (rheumatoid nodule), and granuloma- 
tous disease of childhood. 


Calculi 


Vesical calculi, which are much less common than renal 
calculi, occur most frequently in men with urinary outflow 
obstruction secondary to benign prostatic hyperplasia or in 
patients with neurogenic bladder. Children in develop- 
ing countries, mostly boys, are also prone to developing 
stones, likely due to low protein and fluid intake. Patients 
typically present with urinary frequency, urgency, and noc- 
turia, but hematuria, dysuria, and suprapubic pain are also 
frequent. The diagnosis is usually confirmed by cystoscopy 
or radiography. The stones are most commonly composed 
of calcium oxalate or a mixture of calcium oxalate and cal- 
cium phosphate, but struvite stones may be found in asso- 
ciation with P mirabilis or other urease-producing bacterial 
infections. 
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trate admixed with small epithelioid granulomas, often with associated multinucleated giant cells. B: Infectious granulomas, such as this 
example of M. tuberculosis in a bladder biopsy, are often larger and more confluent. Areas of acute inflammation and caseating necrosis are 


common. 
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METAPLASIA AND HYPERPLASIA 


Squamous Metaplasia 


Squamous metaplasia is the replacement of urothelium by 
stratified squamous epithelium, which may be nonkeratinized 
or keratinized. The nonkeratinizing type occurs commonly 
in the trigone of the bladder of women (so-called pseudo- 
membranous trigonitis) and is considered a normal varia- 
tion. In women, this metaplastic process is likely hormonally 
regulated.'#!°° It is also rarely seen in children'®! and may 
be seen in association with inverted papilloma. In general, 
nonkeratinizing squamous metaplasia is not associated with 
chronic irritation and does not predispose to carcinoma. 

Keratinizing squamous metaplasia, often clinically 
referred to as leukoplakia, is more common in men and is 
often associated with settings of chronic irritation such as 
indwelling catheters, calculi, and schistosomiasis (Fig. 5-34). 
Macroscopically, white plaques are often seen, and flakes of 
keratin may be evident. Keratinizing squamous metaplasia can 
be a predisposing factor to the development of squamous cell 
carcinoma or other complications such as bladder contracture 
or obstruction. >!” When squamous dysplasia and/or inva- 
sive squamous cell carcinoma is present, keratinizing squa- 
mous metaplasia is frequently seen in the adjacent epithelium 
and may help to confirm a primary squamous carcinoma. 


von Brunn Nests 


von Brunn nests are a normal variation of bladder histology 
that most commonly occurs in the trigone and may result 
from a prior inflammatory insult.'** They are generally inci- 
dental microscopic findings without any associated clinical 
symptoms, but when florid may appear as small cysts or the 
mucosa may have a distinctive cobblestone appearance at 
cystoscopy. They are characterized by well-circumscribed, 
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Figure 5-34 E Keratinizing squamous metaplasia may be 
seen in the setting of chronic bladder irritation. 


Box 5-2 NONNEOPLASTIC ENDOPHYTIC 


LESIONS OF URINARY BLADDER 


von Brunn nests 
Collection of rounded nests of normal urothelium in 
superficial lamina propria 
Have sharp line of demarcation at base 
Cystitis glandularis 
Collection of rounded urothelial nests in superficial lamina 
propria with central lumen lined by cells with apical 
cytoplasm 
Also have sharp line of demarcation at base 
May have intestinal metaplasia and mucin extravasation 
Nephrogenic adenoma 
The endophytic component may be complex with tubular, 
cystic, or solid patterns. 
Small tubules may have intraluminal blue secretions and 
may resemble a small capillary. 
Solid pattern resembles clear cell renal cell carcinoma. 
Express PAX8 by immunohistochemistry 
Pseudocarcinomatous hyperplasia 
Most often associated with ischemia from radiation or 
chemotherapy 
Nests of invaginated epithelium have squamoid 
appearance. 
Epithelium is enmeshed with fibrin and surrounds vessels 
with fibrinoid change. 
Lamina propria often shows atypical cells, vascular injury, 
and hemorrhage. 


evenly spaced nests of invaginated urothelium in the lamina 
propria (Fig. 5-35). In the bladder, the nests typically have 
smooth, rounded contours and are often clustered in groups, 
but the connection with the overlying urothelium may not 
be identifiable.! They are usually located in the superficial 
lamina propria, but deeper nests occur on occasion. The uro- 
thelial cells are devoid of significant cytologic atypia (see 
Box 5.2). 


invaginations of benign urothelium. These nests are typically clus- 
tered in a lobular arrangement and extend to a uniform depth in the 
lamina propria. 
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Although there is usually a sharp line of demarcation at 
the base of the nests, diagnostic problems may arise in rare 
cases where von Brunn nests lie relatively deep in the lamina 
propria, as this displacement from the overlying epithelium 
may suggest an invasive urothelial carcinoma. Although the 
bland histology of the cells in von Brunn nests contrasts with 
the significant atypia seen in most invasive bladder cancers, 
the epithelium in von Brunn nests, like the surface epithe- 
lium, may exhibit hyperplasia and reactive atypia including 
mitotic activity. Even when invasive carcinoma has relatively 
bland cytologic features, the cell nests generally have a more 
disorderly distribution in the lamina propria and more varia- 
tion in size and shape of the nests than von Brunn nests. The 
main differential diagnosis is a “deceptively benign” form of 
urothelial carcinoma such as the nested variant." The most 
useful distinguishing feature is the extension of von Brunn 
nests to a uniform level within the lamina propria creating a 
sharp, linear border at the base that contrasts with the irregu- 
lar, infiltrative base of nested carcinoma. Other subtle fea- 
tures of invasion may be seen in nested carcinomas such as 
small clusters or individual neoplastic cells with surrounding 
retraction artifact. The overall architectural arrangement and 
cytology of the neoplastic cells may also have a subtle differ- 
ence when compared to von Brunn nests, but these features 
are not as definitive. The presence of small, irregularly sized, 
unevenly distributed nests creating confluent, branching 
patterns should serve as a clue to carefully consider the pos- 
sibility of a nested carcinoma, as von Brunn nests are often 
clustered, evenly spaced, and round. Invasion of the muscu- 
laris propria, despite the bland nuclear features, is diagnostic 
of carcinoma and is the most definitive distinguishing fea- 
ture. Unfortunately, the distinction of nested carcinoma from 
von Brunn nests may not be possible in superficial biopsies 
when some of the subtle clues are not present, particularly 
when complicated by extensive cautery artifact. In difficult 
cases, correlation with the clinical impression of the urolo- 
gist may suggest the presence of a more aggressive lesion 
suggesting the need for rebiopsy. 

Occasionally, urothelial CIS may extend into von Brunn 
nests and may mimic invasion. The relatively smooth, round 
contour of the nests, the absence of surrounding retraction 
spaces, the lobular or linear arrangement of the nests with 
a noninfiltrative base, and the absence of a stromal reaction 
should aid in that distinction. 


Cystitis Glandularis and Cystitis Cystica 


Although similar to von Brunn nests, the term cystitis cys- 
tica is used when the nests are cystically dilated with an 
inner luminal surface. When the inner adluminal cells have 
a columnar or cuboidal appearance with prominent apical 
cytoplasm, but no intestinal-type goblet cells, the term 
cystitis glandularis (cystitis cystica et glandularis) is used 
(Fig. 5-36).!°°!5’ Although usually a microscopic finding, 
cystitis cystica or glandularis is occasionally visible grossly 
(Fig. 5-37). At cystoscopy, it may have a cobblestone or 
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Figure 5-36 W Cystitis glandularis is similar to von Brunn 


nests, except that there is central lumen formation with the lining 
luminal cells showing abundant apical cytoplasm. 
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polypoid appearance. On microscopic examination the 
lesion usually occurs in a nonpolypoid mucosa, but occa- 
sionally an exuberant proliferation produces a papillary 
or polypoid lesion helping to explain the occasional case, 
which simulates a neoplasm at cystoscopy. 

As discussed for von Brunn nests, deceptively bland pat- 
terns of urothelial carcinoma such as tubular or microcystic 
patterns may also be confused with cystitis glandularis cys- 
tica, and the same histologic considerations are valid here. 
One other differential consideration, though not as clini- 
cally relevant, is inverted papilloma. In some instances, the 
distinction from inverted papilloma (cystitis cystica—like 
pattern) may be somewhat arbitrary.'°* Inverted papillomas 
typically show a more anastomosing pattern of the epithelial 
nests and retain the peripheral palisading of cells even when 
central lumina are present. 


Figure 5-37 Œ = Cystitis cystica may produce a clinically 
apparent polypoid lesion. In this gross specimen, the cysts underlying 
the surface may be seen. 
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Figure 5-38 W Cystitis glandularis with intestinal metaplasia 
is defined by the presence of cells with abundant intracytoplasmic 
mucin within cystitis glandularis. Typical cystitis glandularis and 
von Brunn nests are commonly admixed. 
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Cystitis Glandularis with Intestinal Metaplasia 


The presence of intestinal-type goblet cells within the nests 
warrants the designation cystitis glandularis with intestinal 
metaplasia (Fig. 5-38). Occasionally, mucinous epithelium, 
including that showing intestinal metaplasia, may replace 
the lining urothelium. This is usually associated with under- 
lying cystitis glandularis of typical or intestinal type but may 
be seen on its own. In the latter situation, the lesion should 
be referred to as mucinous metaplasia (Fig. 5-39), if the 
epithelium is nonintestinal in type, or intestinal metaplasia. 
Worrisome-appearing, fleshy polypoid lesions may rarely 
be present, particularly in cases with mucin extravasation, 
in which the radiologic and/or cystoscopic appearance may 
suggest a malignant tumor. 
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Figure 5-39 M® Mucinous metaplasia may occasionally be 


seen within the surface urothelium, typically in association with a 
chronic irritative process. 


4 


Figure 5-40 W Cystitis glandularis with intestinal metaplasia 
may be associated with extensive mucin extravasation in some 
cases. This may create a clinical mass lesion that closely mimics 
adenocarcinoma. 


Diagnostic problems usually arise in cases of the intestinal, 
rather than typical, form of cystitis glandularis. Even with a 
very florid proliferation, the glands retain an essentially orderly 
arrangement and lack the irregular stromal infiltration that 
generally facilitates the diagnosis of adenocarcinoma. Rare 
examples of florid cystitis glandularis with extensive intes- 
tinal metaplasia and mucin extravasation have been reported 
(Fig. 5-40). These florid metaplasias may closely mimic 
invasive adenocarcinoma because they fill the lamina propria 
and abut the muscularis propria. Adenocarcinomas typically 
show greater nuclear atypia with irregular tumor cell aggre- 
gates, including within mucin, and more mitotic activity. 
In addition, adenocarcinomas often show obvious, destruc- 
tive invasion of the muscularis propria. Cystitis glandularis 
with intestinal metaplasia and mucin extravasation, despite 
the abundant extracellular mucin within the lamina propria, 
maintains cytologically benign-appearing epithelium. These 
benign glands may be intact or ruptured. When ruptured, they 
may closely mimic a colloid/mucinous adenocarcinoma, but 
there are no architecturally irregular or complex epithelial 
aggregates. One series of florid cystitis cystica glandularis 
with intestinal metaplasia reported two cases with “focal, 
superficial extension” into the muscularis propria, but this 
likely represents an irregular muscularis propria-lamina pro- 
pria junction and is distinctive from the extensive, irregular 
invasion of the muscularis propria by cancer.'” 

Finally, it should be noted that extraordinary “borderline” 
cases meriting the designation “cystitis glandularis with 
atypia” are very rarely seen. Although rare case reports have 
described adenocarcinoma adjacent to cystitis glandularis, 
cystitis cystica and glandularis are relatively common and 
are not currently regarded as a precursor to vesical carci- 
noma. Despite this occasional association and the presence 
of cases in “transition” to malignancy, evidence suggests that 
even intestinal metaplasia is not a significant risk factor for 
progression to adenocarcinoma. !®®!6! 
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Pseudocarcinomatous Hyperplasia 


Rarely, patients who have received radiation or chemother- 
apy, and even some patients without such histories, present 
with an unusual benign epithelial proliferation on biopsy 
that can closely mimic invasive urothelial carcinoma. !°!% 
Cystoscopy may show an ulcerated mucosa. Histologically, 
these epithelial proliferations are within the lamina pro- 
pria and consist of small nests of urothelium with variable 
rounded to irregular, jagged contours creating an infiltrative 
appearance. The individual urothelial cells may have eosino- 
philic cytoplasm with a “squamoid” appearance and show 
some nuclear enlargement with slight variation in nuclear 
size, but the nuclear chromatin is bland and they do not show 
significant atypia. A helpful and unique feature of these 
lesions is that the epithelial nests wrap around blood vessels 
with associated fibrin and congestion (Fig. 5-41A—D). The 
fibrin is found both within the wall of the vessels and within 
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the lamina propria. Associated hemorrhage, fibrosis, acute 
and chronic inflammation, and ulceration are also common, 
as well as other, radiation-induced changes such as ectatic 
vessels with intimal proliferation and squamous metaplasia. 
Rare cases without prior treatment have been thought sec- 
ondary to ischemia or chronic irritation.” 


Nephrogenic Adenoma 


Nephrogenic adenoma is a benign proliferative lesion occur- 
ring in the bladder (80%), urethra (12%), or ureters (8%) 
that is thought to arise secondary to urothelial injury.!6+!66 
It is much more common in male adults (approximately 
66% men) and is only rarely reported in children.'°!% 
Typically, nephrogenic adenoma is an incidental histologic 
finding, but patients may present with hematuria or voiding 
symptoms. These lesions are usually small (<1 cm), but have 
been reported to reach sizes as large as 7 cm. At cystoscopy, 
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be seen. B: There is often a background of dilated vessels with fibrinoid change associated with the proliferation. C: The nests of epithe- 
lium often have a more pronounced cytoplasmic eosinophilia, which may create a squamoid appearance. D: One useful diagnostic feature 
is the intimate association of the epithelium with fibrin aggregates and blood vessels. Characteristically, the epithelium “wraps around” 


the fibrin. 
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Figure 5-42 E This single hemorrhagic polypoid lesion on 
cystoscopy represents a nephrogenic adenoma. This may mimic a 
neoplastic urothelial process. 


nephrogenic adenoma may simulate a papillary, sessile, or 
in situ carcinoma (Fig. 5-42). Approximately 55% of the 
lesions are papillary, 10% polypoid, and 35% sessile. They 
are typically single, but almost 20% are multiple; rarely 
there is diffuse bladder involvement. 


Figure 5-43 E Nephrogenic adenoma may have a (A) tubu- 
lar, (B) papillary or polypoid, or (C) diffuse or solid architecture. 


The main importance of recognizing this lesion patho- 
logically is its distinction from papillary urothelial bladder 
neoplasms, clear cell adenocarcinoma, and prostatic adeno- 
carcinoma. Although a broad histologic spectrum has been 
reported for nephrogenic adenoma, there are three main 
growth patterns that are often intermixed and will be dis- 
cussed separately: tubular, papillary or polypoid, and diffuse 
(Fig. 5-43 A-C).!*166 The individual cells also have a vari- 
able morphology; they are typically low cuboidal with scant 
eosinophilic cytoplasm. They frequently have prominent 
nucleoli, but, by definition, nephrogenic adenomas do not 
show marked nuclear atypia or easily identified mitotic activ- 
ity. Degenerative-type atypia has been described, however, 
and is characterized by large cells with a hyperchromatic 
appearance secondary to a smudged, indistinct chromatin 
pattern. Some uncommon features include cytoplasmic clear- 
ing or bulbous apical nuclei producing a hobnail pattern. 
Recently, a distinct fibromyxoid pattern was also described.” 

The tubular pattern is most common and consists of 
well-delineated tubules lined by a single layer of low colum- 
nar to cuboidal epithelium occasionally with prominent 
nucleoli (Fig. 5-43A). Most frequently, the individual tubules 
are well spaced with intervening stroma (Fig. 5-44), but 
the tubules may be very compact, imparting a solid, nested 
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Figure 5-44 W The tubules in nephrogenic adenoma are 
typically separated by intervening stroma. In this example, some 
of the tubules have a subtle peritubular basement membrane-like 
material. 


appearance focally, and some may also have a branching pat- 
tern. The tubules may also become dilated imparting a cystic 
appearance; in these cystic patterns, the epithelial lining is 
frequently flattened and attenuated. There is also variable 
peritubular hyalinization with a basement membrane-like 
appearance (Fig. 5-44), and intraluminal eosinophilic and 
basophilic secretions are relatively common. Small com- 
pressed tubules with only a single lining cell apparent at the 
periphery of the lumen may closely resemble a signet-ring 
cell, but this is usually present only focally (Fig. 5-45). The 
degenerative-appearing cells described above typically line 
tubules that are flattened and may resemble blood vessels. 
The papillary or polypoid pattern of nephrogenic ade- 
noma is most commonly characterized by large edematous 
polypoid excrescences, but a relatively simple, filiform 
branching pattern is also seen in a minority of cases (approx- 
imately 10%) (Fig. 5-43B). Complex epithelial budding is 


Figure 5-45 WE Some foci of nephrogenic adenoma contain 
minute tubules with a single lining cell and intraluminal basophilic 
material that may mimic a signet-ring cell. 
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Figure 5-46 W The papillary excrescences in nephrogenic 
adenoma are characteristically lined by a single layer of cuboidal 
epithelium. 


rare and usually focal. The polypoid excrescences and papil- 
lae are lined by a single layer of low cuboidal cells with scant 
eosinophilic cytoplasm (Fig. 5-46). The cytoplasm is occa- 
sionally more prominent with an eosinophilic appearance or 
more cuboidal with pale cytoplasm. 

The “diffuse” pattern is quite rare and is almost always 
admixed with other patterns of nephrogenic adenoma. It is 
characterized by a very compact or solid growth pattern 
with little to no intervening stroma (Fig. 5-43C). A cord-like 
growth pattern somewhat reminiscent of a carcinoid tumor 
has also been reported. The fibromyxoid pattern is also rare 
and is characterized by prominent myxoid stroma and scat- 
tered, compressed, spindled, or corded epithelial cells (Fig. 
5-47). 

There are rare reports of extension of nephrogenic adenoma 
into the superficial muscularis propria and into prostatic stroma. 
We would recommend extreme caution in making the diagnosis 
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Figure 5-47 WŒ The fibromyxoid pattern of nephrogenic ade- 


noma is characterized by cords of epithelial cells set in a myxoid to 
densely collagenized background stroma. 
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of nephrogenic adenoma with muscularis propria involvement; 
a “deceptively bland” pattern of urothelial carcinoma, such as 
nested, tubular, or microcystic, should be carefully considered 
in that setting. Nested carcinomas typically show a greater 
degree of cytologic atypia in areas of deep invasion. 

The main differential diagnostic consideration for the 
tubular pattern is primary adenocarcinoma or extension from 
prostatic adenocarcinoma. The well-spaced architectural 
arrangement of the tubules, the peritubular hyalinization, 
epithelial flattening with cystic change, and mixed papillary/ 
polypoid patterns should aid in the diagnosis of nephrogenic 
adenoma. Immunohistochemistry may be misleading and 
can cause confusion with prostate cancer; weak cytoplasmic 
immunoreactivity with PSA or PSAP is reported in up to 
half of nephrogenic adenomas.'**'®!® In addition, P504S 
(alpha-methylacyl-CoA racemase) immunoreactivity has 
also been documented in nephrogenic adenoma and should, 
therefore, not be used as a distinguishing marker for prostatic 
adenocarcinoma in this setting.'”’ Nuclear PAX2 and PAX8 
reactivity is present in nephrogenic adenoma, but has not been 
reported in prostatic adenocarcinoma (Fig. 5-48),!70!72!% 

The main differential diagnosis for papillary or polypoid 
nephrogenic adenoma is a low-grade papillary urothelial 
neoplasm. In general, papillary urothelial neoplasms have a 
stratified lining consisting of multiple cell layers. In addi- 
tion, the individual neoplastic cells of urothelial tumors have 
more elongated cells, often with nuclear grooves. Higher- 
grade urothelial carcinomas have nuclear pleomorphism, 
nuclear hyperchromasia, and increased mitotic activity, 
making their distinction straightforward. Identification of a 
mixed tubular pattern in a nephrogenic adenoma may also be 
helpful in this differential diagnostic setting (see Box 5-3). 

The diagnosis of clear cell adenocarcinoma of the bladder 
may be considered when there is a mixed papillary and tubu- 
locystic pattern. Clear cell carcinomas, however, typically 
have marked nuclear pleomorphism, obviously increased 


Figure 5-48 W The lesional cells in nephrogenic adenoma 
typically show strong nuclear reactivity with PAX2 and PAX8. To 
date, all evaluated prostate cancers have been negative with these 
markers. 


mitotic activity, more cellular stratification, and more promi- 
nent cytoplasmic clearing. Conspicuous clear cells are 
uncommon in nephrogenic adenoma. Some authors have 
suggested the utility of p53 stains in this differential setting 
(nuclear reactivity in adenocarcinoma), but routine morpho- 
logic features will usually suffice.' PAX2 and PAX8 are not 
useful as they are expressed in both nephrogenic adenoma 
and clear cell carcinoma.'”!7 

There is continuing debate regarding the etiology of neph- 
rogenic adenoma. While there is a strong association with 
inflammatory insults due to a variety of factors including intra- 
vesical chemotherapy,'”!”° transurethral surgical biopsy,” 
diverticula,'* vesical infection,'” ibuprofen abuse,!® and var- 
ious types of cystitis, an origin from renal epithelial cells has 
long been postulated. The latter theory has been supported 
by some studies showing nephrogenic adenoma origin from 
donor renal tubule cells in renal transplant patients.'*! 


POLYPS, CYSTS, AND OTHER PSEUDOTUMOROUS 
LESIONS | 


Fibroepithelial Polyp 


These rare bladder lesions occur at all ages. They are much 
more common in the ureter and renal pelvis.!*?!* In chil- 
dren, they are the most common benign bladder lesion. 
Morphologically, they are characterized by large bulbous 
polypoid excrescences covered by urothelium (Fig. 5-49). 


Box 5-3 NONNEOPLASTIC POLYPOID/ 


PAPILLARY LESIONS OF URINARY BLADDER 


Papillary/polypoid cystitis 
Typically result of injury (e.g., indwelling catheter) 
Papillae have broad base, but become progressively more 
slender to tip. 
No complex hierarchical branching (as expected in urothe- 
lial neoplasia) 
Lining may show reactive urothelial atypia. 
Nephrogenic adenoma 
Variety of architectural patterns 
Papillae lined by a single layer of cuboidal epithelial 
cells 
Underlying pattern in lamina propria may be solid, 
small tubular, or cystic. 
Tubules may be surrounded by dense basement 
membrane. 
Express PAX8 by immunohistochemistry 
Prostatic-type polyp 
Usually <1 cm 
Lined by prostatic secretory-type cells admixed with uro- 
thelial cells 
Fibroepithelial polyp 
Mostly males, first decade 
<4cm 
Club-like projections most common pattern 
Lined by normal urothelium 
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Figure 5-49 E Fibroepithelial polyps have a polypoid 
growth lined by benign urothelium or metaplastic squamous epi- 
thelium with underlying collagenous stroma. Similar to lesions in 
other anatomic locations, the stroma may contain “atypical” cells 
with multinucleation. 


£ 


The cores show loose, edematous stroma with scattered 
blood vessels. One unusual case had atypical stromal cells 
similar to those seen in fibroepithelial polyps of the lower 
female genital tract, and myxoid stroma with associated cys- 
titis cystica has been described.!** The polypoid appearance 
may suggest the possible diagnosis of botryoid rhabdomyo- 
sarcoma on microscopic examination; however, the absence 
ofa cambium layer, rhabdomyoblasts, and myogenin reactiv- 
ity helps establish the diagnosis. 


Prostatic-Type Polyp (Ectopic Prostate) 


Ectopic prostate tissue presenting as a polypoid mass lesion 
in the bladder, usually the trigone, has been reported.'* The 
morphologic appearance is identical to that described for 


Pe 


Chapter 5 Æ Nonneoplastic Lesions of the Urinary Bladder 323 
benign prostatic urethral polyps. The submucosal component 
consists of admixed stroma and histologically benign pros- 
tate glands. The overlying surface is often papillary with 
a lining consisting of prostatic secretory epithelium, uro- 
thelium, or an admixture of both (Fig. 5-50A and B). 
Identification of the prostatic secretory epithelial component 
usually allows distinction from a papillary urothelial neo- 
plasm. Immunohistochemistry for PSA and PSAP highlights 
the prostatic secretory cells and is helpful in difficult cases. 


Collagen Polyp or “Collagenoma” 


Patients may receive collagen injections into the urethral 
or bladder wall as part of the management of urinary stress 
incontinence or in the creation of urinary pouches from 
intestinal segments. After therapeutic failures, surgical 
specimens may be received with subsequent surgical recon- 
struction. In these specimens, submucosal polyps have been 
described that result from collagen accumulation.'** Rarely, 
clinically detectable mass lesions resulting from collagen 
accumulation are reported.'*’ Histologically, the polyps or 
masses show a submucosal accumulation of collagen that 
is comprised of a dense homogeneous eosinophilic, acellu- 
lar material. The material is typically positive by periodic 
acid—Schiff reaction and strongly positive by trichrome stain. 


Tamm-Horsfall Protein 


Although it is much more commonly identified in the kidney 
or within renal hilar lymph nodes, the accumulation of 
Tamm-Horsfall protein may occasionally produce a lesion 
in the urinary bladder.'**!® One group has studied a series of 
over 250 consecutive bladder specimens and found inciden- 
tal Tamm-Horsfall protein in 6.9% of cases, confirmed by 
the anti-THP antibody. This finding appears to be more com- 
mon in cystectomy specimens. Histologically, there are two 


Figure 5-50 E A: Benign prostatic-type polyps (ectopic prostate) present as exophytic papillary projections into the bladder lumen. 
B: On high-power examination, the presence of prostate-type secretory cells admixed with the urothelium is diagnostic. 
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Figure 5-51 E A: Hamartom 
cystitis glandularis with a variably cellular stroma. 


patterns: (a) classic large aggregates of “waxy” eosinophilic 
or pale extracellular material with a variable minor admixture 
of fibroblasts, inflammatory cells, and granulation tissue or 
(b) inconspicuous small, homogeneous eosinophilic “flecks” 
or interconnecting eosinophilic strands in areas of fibrinous 
exudate, necrosis, or ulcer. Aggregates of Tamm-Horsfall 
protein are incidental morphologic findings of no clinical 
significance. 


Hamartoma 


Hamartomas of the bladder have typically been polyp- 
oid and composed microscopically of foci resembling von 
Brunn nests, cystitis glandularis, or cystitis cystica dispersed 
irregularly in a stroma, which has varied from muscular to 
fibrous or edematous (Fig. 5-51A and B).'!°°!%> One reported 
case had a markedly cellular stroma, particularly around the 
glandular component, suggesting the possible diagnosis of 


a low-grade neoplasm!”; however, current evidence points 
toward a nonneoplastic nature for these rare lesions. 


Amyloidosis 


The bladder may be involved by amyloidosis, either as a pri- 
mary process or secondarily with systemic amyloidosis.!°°'” 
The initial urinary presentation is hematuria, which may be 
severe. Although secondary amyloidosis is more prevalent, 
the primary form is more likely to be biopsied because associ- 
ated bladder symptoms are more common. Cystoscopically, 
amyloid has the appearance of a neoplasm. The mor- 
phologic appearance is identical to that seen elsewhere: 
deposits of eosinophilic, amorphous extracellular material 
(Fig. 5-S2A and B). The amyloid is typically present in 
the lamina propria, but vascular involvement is also seen. 
Amyloid involving blood vessels should be distinguished 
from the hyalinized blood vessels occasionally seen in the 
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multiple blood vessels in this bladder biopsy. B: On Congo red stain, the amyloid is brightly orangeophilic. 
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cores of papillary urothelial carcinomas. Congo red stains, 
thioflavin T fluorescence, or electron microscopy may be 
used for diagnostic confirmation. Primary localized amy- 
loidosis of the bladder is usually AL type (immunoglobulin 
light chains).!°’7°° Some studies have shown that patients 
with rare forms of hereditary amyloidosis, such as familial 
amyloidotic polyneuropathy, frequently present with lower 
urinary dysfunction (up to 50% of patients).”"' Therapy is 
usually guided by the cause of the amyloid deposition, but 
surgery may be required to control bleeding in severe cases. 


MULLERIAN LESIONS | 


Endometriosis 


Although the urinary bladder is the most common site of 
endometriosis in the genitourinary tract, it occurs in <2% 
of all patients with endometriosis. Many cases of bladder 
involvement are associated with prior surgery, such as cesar- 
ean section. Endometriosis may present as a mass lesion in 
the urinary bladder (approximately 50%) or may be an inci- 
dental microscopic finding. Rarely, bladder symptoms that 
exacerbate at the time of menstruation suggest the diagno- 
sis, but otherwise there are no specific symptoms.” When 
grossly evident, there may be a hemorrhagic or blue-tinged 
mucosal appearance. It most commonly involves serosal sur- 
faces, typically near the vesicouterine pouch, but implants 
may grow into the muscular wall producing a luminal bulge 
or, rarely, a polypoid mass.?°™ Morphologically, the process 
is identical to that seen in other anatomic sites with admixed 
benign endometrial glands and stroma (Fig. 5-53). There 
are a few case reports of vesical endometriosis occurring 
in men, possibly related to antiandrogen therapy for pros- 
tate cancer.”*°’ Rarely, endometriosis of the bladder may 
be associated with a Miillerian-type malignancy such as 
clear cell or endometrioid adenocarcinoma.” Patients 


Figure 5-53 E Endometriosis of the bladder is morphologi- 
cally similar to that seen in other sites. The mixed endometrial type 
glands and stroma may be seen within the muscularis propria. 
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are typically treated with hormonal therapy, but partial 
cystectomy may be required.”!! 


Endocervicosis 


Glandular lesions characterized by a prominent component 
of endocervical-type epithelium involving the wall of the 
urinary bladder in women of reproductive age are referred 
to as endocervicosis.”!” Five of the initially reported patients 
presented with bladder symptoms. In each patient a mass 
that ranged from 2 to 5 cm was typically located in the pos- 
terior wall or posterior dome. Microscopic examination 
typically reveals extensive involvement of the bladder wall 
by irregularly dispersed benign-appearing or mildly atypi- 
cal endocervical-type glands, some of which are cystically 
dilated (Fig. 5-54). In some cases the glands are associated 
with fibrosis, edema, or extravasated mucin in the adjacent 
stroma. Although primarily intramural, mucosal involve- 
ment may be seen, including even intraluminal papillae lined 
by endocervical-type mucinous epithelium. Rarely there is a 
focal endometriotic stroma indicating a relationship of this 
lesion to endometriosis. This and other features, such as an 
occasional association with a history of a cesarean section, 
suggest that this is a unique miillerian lesion of the blad- 
der and represents the mucinous analogue of endometriosis. 
Lack of awareness of this entity may lead to a misdiagnosis 
of adenocarcinoma, but the absence of significant nuclear 
atypia or an irregular invasive pattern facilitates distinction. 


Endosalpingiosis 


Rarely, glands within the wall of the bladder may be lined 
by tubal-type epithelium including ciliated, intercalated, and 
peg cells (Fig. 5-55A and B).?!°"4 Rarely, a striking number 
of glands may be present, resulting in a mass effect. 


Miillerianosis 


When benign intramural glandular lesions show a mixture 
of endocervical, tubal, and endometrial epithelium, the term 
miillerianosis has been applied.” 
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Figure 5-54 W Endocervicosis is characterized by columnar 
cells of endocervical mucinous type. 
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Figure 5-55 W A: The individual glands of endosalpingiosis may be present within the wall of the bladder. B: On higher-power evalu- 


ation, the tubal nature of the lining cells is seen. 


Miillerian Duct Cyst 


Miillerian duct cysts may occur in men and lie between 
the bladder and rectum; they may involve the posterior 
wall of the bladder.?!**"’ Patients typically present with 
irritative bladder symptoms or identification of a midline 
supraprostatic mass. The cysts may be unilocular or mul- 
tilocular and are lined by miillerian-type epithelium, but 
complete denudation of the cyst lining is not uncommon. 
Spermatozoa are not present within the lumen, in contrast 
to a seminal vesicle cyst. Rarely, a miillerian sinus may 
connect the posterolateral wall of the bladder to the broad 
ligament. 


Fallopian Tube Prolapse 


There is one published case in which a patient developed a 
vesicovaginal fistula 3 months after a total abdominal hys- 
terectomy and was subsequently found to have a polypoid 
mass at the bladder base.?!* Although the gross lesion was 
interpreted clinically as papillary carcinoma, microscopic 
examination showed fragments of fallopian tube plicae. 


Fistulas 


Fistulous tracts between the urinary bladder and the gastro- 
intestinal tract may occur secondary to diverticular disease, 
colorectal carcinoma, Crohn disease, or appendicitis.2!°”° 
Vesicovaginal fistulas are most commonly secondary to 
prior gynecologic procedures or obstetrical trauma, but other 
causes include high stage cervical carcinoma, radiation ther- 
apy, cerclage, and long-standing foreign body.”!”” Clinical 
symptoms with well-developed fistulas include pneumaturia 
and fecaluria, but initial presentation may be more subtle 
with only vague urinary symptoms such as dysuria, urgency, 
and frequency. The cystoscopic appearance may closely 
mimic papillary urothelial neoplasia because of edema with 
resultant papillary/polypoid cystitis.© 


Cystocele and Bladder Prolapse 


Cystocele, also referred to as a prolapsed bladder, occurs 
in women, predominantly in the postmenopausal years. 
A cystocele is caused by weakening of the musculature 
between the urinary bladder and the anterior vaginal wall, 
allowing the bladder to bulge into the vagina. Patients typi- 
cally present with urinary incontinence or dyspareunia. 
Cystocele is easily diagnosed by routine pelvic examination. 
The development of cystocele is often associated with pre- 
vious vaginal childbirth, but other factors include chronic 
constipation and heavy lifting. The low estrogen levels 
after menopause also play a role in laxity of the surround- 
ing connective tissues, which further increases the risk of 
cystocele development. Patients are usually treated conser- 
vatively with pessary, estrogen therapy, activity modification, 
and pelvic strengthening exercises; however, surgical repair 
may be needed for patients with severe symptoms refractory 
to other interventions. Surgical pathology plays little role in 
the diagnosis/management of cystocele because, in general, 
tissue is not removed during reparative procedures. 


Benign Myofibroblastic Proliferations 


Myofibroblastic proliferations of the urinary bladder have 
been described under a variety of names including post- 
operative spindle cell nodule, inflammatory pseudotumor, 
pseudosarcomatous fibromyxoid tumor, pseudosarcomatous 
myofibroblastic proliferation (PSMP), pseudosarcomatous 
spindle cell proliferation, and inflammatory myofibro- 
blastic tumor (IMT). Although different names have been 
applied, these lesions are commonly divided into two cat- 
egories: those with a prior history of bladder instrumenta- 
tion and de novo lesions with no predisposing factors. It 
should be emphasized that, for practical purposes, these two 
lesions are morphologically indistinguishable in most cases. 
Although recent publications have begun to combine all 
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myofibroblastic lesions into one category, we maintain the 
separation by clinical setting for this discussion. 


Postoperative Spindle Cell Nodule 


This designation was given by Proppe et al.” in 1984 to a 
proliferative spindle cell lesion that developed in the lower 
urinary tract of five men and the lower genital tract of four 
women. All of the lesions developed within 3 months after 
a surgical procedure had been performed at the same site. 
Two of the lesions in men were in specimens obtained by 
transurethral resection of the bladder both of whom had had 
a similar procedure performed 2 months previously. At cys- 
toscopy, “heaped up tumor” and a “friable vegetant mass” 
were noted. 

The low-power appearance/architectural arrangement of 
the cells is generally compact spindle cells, but foci may be 
myxoid and rarely there is a sclerotic/hyalinized appearance. 
The myxoid pattern has a very loose, disorganized appear- 
ance similar to that seen in nodular fasciitis. There is often 
an associated mixed chronic inflammatory infiltrate and an 
irregular network of poorly organized small blood vessels. 
The compact spindle cell component is more cellular with 
a better-developed fascicular architecture. The fascicles are 
not as tightly formed and do not show the precise, acute 
intersecting fascicles typical of a sarcoma. Cytologically, the 
individual cells are spindled to stellate; the ends of the cells 
are usually tapered with elongated cytoplasmic processes 
identifiable at high-power examination. The cytoplasm var- 
ies from eosinophilic to more amphophilic. The nuclei are 
also tapered; have bland, noncondensed chromatin; and may 
show prominent nucleoli (Fig. 5-56). Mitoses may be con- 
spicuous. The lesional cells may extend into the muscularis 
propria, a feature that should not be regarded as an indica- 
tion of malignancy (Fig. 5-57). 
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cytoplasmic processes and nuclei typical of myofibroblasts, but 
there may be some degree of variation in the size of the cells and 
nucleoli may be prominent. Despite these features, the chromatin 
distribution remains even. 
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Figure 5-57 & Myofibroblastic proliferations may extend 
into the muscularis propria, a feature that should not be regarded 
as malignant. 


By definition, these proliferations occur after trauma, 
typically following bladder instrumentation. The interval of 
time between the procedure and the development of a pro- 
liferation is typically a few weeks to months. Although post- 
operative spindle cell nodule is basically morphologically 
identical to nonprocedure-related myofibroblastic prolifera- 
tions of the bladder, they are usually small and rarely exceed 
1 cm. The differential diagnosis is discussed under PSMP, as 
the same issues apply to both. 


Pseudosarcomatous Myofibroblastic 
Proliferation (Inflammatory Pseudotumor) 


Individual cases of nontrauma-related, de novo myofibroblas- 
tic proliferations of the urinary bladder are indistinguishable 
from postoperative spindle cell nodules; however, overall 
they are typically more myxoid, reach a larger size (e.g., usu- 
ally 2 to 8 cm, but over 30 cm reported) (Fig. 5-58), and 


a A SE 
Figure 5-58 W This gross specimen from a resection of 


PSMP shows an exophytic mass projecting into the bladder lumen. 
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may have somewhat more variation in the size of the cells. 
By the original definition, they are not related to trauma or 
an overlying urothelial carcinoma. Recent studies of vesical 
PSMP have documented both ALK 1 (anaplastic lymphoma 
kinase) expression by immunohistochemistry and ALK gene 
rearrangements by FISH analysis, findings typical of IMT in 
other anatomic sites.”* 8 The reported incidence of ALK 1 
expression is quite variable and ranges from 8% to 89% of 
cases. Freeman et al.*** confirmed ALK gene rearrangement 
by FISH in four of six cases demonstrating ALK immunore- 
activity. ALK expression is not entirely specific for IMT and 
is reported in other mesenchymal neoplasms (e.g., up to 20% 
of rhabdomyosarcomas).?”” 

The recurrence rate for PSMP in the urinary bladder 
has ranged from 0% to 19%, and no metastases have been 
reported. One patient death has been reported from urinary 
obstruction due to local mass effect of an unresected vesical 
PSMP?*° 

There is controversy regarding diagnostic terminology 
for these lesions, which can be confirmed by a survey of the 
nomenclature employed in current textbooks. Some authors 
suggest that vesical myofibroblastic proliferations are distinct 
from IMT. Whether the presence or absence of ALK reactiv- 
ity has any clinical significance or defines subsets of myofi- 
broblastic lesions in the bladder remains to be determined. 
Under current clinical management standards, however, 
this is mostly a semantic argument because histologically 
benign-appearing proliferations are followed clinically after 
a simple excision procedure. The clinically relevant decision 
is their distinction from malignant spindle cell lesions (e.g., 
leiomyosarcoma or sarcomatoid carcinoma) in which a more 
radical excision procedure is indicated. 

Most diagnostic difficulties are related to the morphologic 
overlap with leiomyosarcoma and sarcomatoid carcinoma; 


the distinction is based predominantly on cytologic features. 
Although there may be some variation in the size of nuclei in 
PSMP, the chromatin is evenly distributed giving the nucleus 
a bland cytologic appearance, often with one or more large 
nucleoli. Malignant lesions, in contrast, have irregular chro- 
matin with marked hyperchromasia and may focally have 
obvious nuclear pleomorphism. The associated stroma and 
the low-power architecture of PSMP may be indistinguish- 
able from a malignant neoplasm. Myxoid stroma is com- 
mon in PSMP, but may be seen in sarcomatoid carcinoma 
and leiomyosarcoma.”*' Both types of malignant tumors may 
have areas with a loose, hypocellular arrangement or more 
cellular fascicles. All three lesions commonly infiltrate the 
muscularis propria, have increased mitotic activity, and show 
necrosis superficially making these unreliable distinguishing 
features. 

Other morphologic features that are reportedly more 
common in malignant neoplasms include necrosis at the 
tumor/muscularis propria interface, acute inflammation, 
and lack of prominent blood vessels. Deep necrosis (at the 
tumor/muscularis propria interface) has been reported as a 
specific histologic feature of malignancy,” but this has been 
questioned in more recent series.” 

The immunohistochemical profiles of all three lesions are 
compared in Table 5-3 (Fig. 5-59A—C). Carcinomas express 
high molecular weight cytokeratin, cytokeratin 5/6, and p63, 
while PSMP and leiomyosarcoma are negative.” Keratin 
expression in both PSMP and leiomyosarcoma is gener- 
ally seen with only low molecular weight types. Strong and 
diffuse desmin and actin reactivity generally supports the 
diagnosis of leiomyosarcoma, as long as heterologous dif- 
ferentiation in a sarcomatoid carcinoma is excluded. PSMP 
also expresses smooth muscle actin, but does not typically 
express desmin. 


Table 5-3 m IMMUNOHISTOCHEMISTRY IN SPINDLE CELL LESIONS 


Smooth Muscle Skeletal Muscle Myofibroblastic Epithelial 
Cytokeratin (broad e May be positive e Negative e May be positive e Positive (cytoplasmic), 
spectrum) (cytoplasmic) (cytoplasmic with may be focal 
membranous 
accentuation) 
Cytokeratin (high e Negative e Negative e Negative e Positive (cytoplasmic), 
molecular weight) may be focal 
Smooth muscle actin ¢ Positive (cytoplasmic) ¢ Positive (cytoplasmic) © Positive (cytoplasmic) e Negative 
Desmin e Positive (cytoplasmic) ¢ Positive (cytoplasmic) ¢ Typically negative e Negative 
Caldesmon e Positive (cytoplasmic) e Positive (cytoplasmic) ¢ May be positive e Negative 
(cytoplasmic) 
Myogenin e Negative e Strong nuclear e Negative e Negative 
Immunoreactivity 
Smoothelin e May be positive e Negative e Negative e Negative 
(cytoplasmic) 
ALK-1 e Negative e May be positive e Variable immunoreactivity Ħ Negative 


reported 
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NEOBLADDER | 


Patients undergoing radical cystectomy have varying options 
for urinary diversion, but one common technique is the 
creation of an orthotopic neobladder, which allows patients 
to void without the need for an external urine reservoir 
(i.e., continent urinary diversion).”* In this procedure, a seg- 
ment of small intestine is resected, opened, and constructed 
into a pouch. The ureters are connected to the superior aspect 
of the pouch, while the inferior aspect is connected to the 
urethra. The distal urethral sphincter muscles are preserved 
to maintain continence. 

Invasive and in situ urothelial carcinoma may recur in the 
neobladder after surgery for urinary bladder cancer; therefore, 
endoscopic biopsies may be performed in some settings. For 
these reasons, it is important for pathologists to be aware of 
the spectrum of benign changes that may be seen in neoblad- 
der mucosa. Since the pouch is formed from small bowel, the 
mucosa is expectedly of intestinal type with goblet cells; this 
should not be regarded as “intestinal metaplasia.” Histologic 
changes in the mucosa occur gradually over time, but are 
quite variable.** The intestinal villi become shorter with 
urine exposure and may progress to show areas with complete 
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Figure 5-59 Œ Pseudosarcomatous myofibroblastic prolifera- 
tions are often immunoreactive for (A) pancytokeratin, (B) smooth 
muscle actin, and (C) ALK-1. 


atrophy; however, this change is topographically uneven, and 
some foci may have a preserved villous architecture even after 
many years (Fig. 5-60A).73>°* There is also variable increase 
in lamina propria lymphocytes with some lymphoid nodules 
and associated edema (Fig. 5-60B). Fibrosis of the submucosa 
has also been reported. In addition, the epithelial cells may 
vary with areas of increased goblet cells to foci with mainly 
enterocytes, especially in regions of flat mucosa. At an ultra- 
structural level, microvilli are also decreased.**? There are rare 
reports of primary intestinal-type dysplasia and adenocarci- 
nomas arising within a neobladder,”” but this seems to be a 
rare occurrence.”*6”3’ In our experience, it is much more com- 
mon for benign changes in a neobladder to be confused for 
dysplasia, than to encounter a true neoplastic precursor lesion. 


URACHUS | 


Embryology and Anatomy 


In early embryonic life, the allantois projects outward from 
the yolk sac into the body stalk, which is the structure that 
later forms the umbilical cord. The allantois originates 
from a portion of the yolk sac that subsequently gives rise 
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bladders show small bowel-type mucosa, frequently with atrophic villi. This feature 


varies considerably from region to region and with time. B: There is often a mixed chronic inflammatory infiltrate that includes well-formed 


lymphoid follicles. 


to the cloacal portion of the hindgut. The allantois remains 
connected to the apex of the bladder as the urinary bladder 
differentiates from the cloaca.™! The urachus is the intraab- 
dominal structure that contains the allantois and connects the 
apex of the urinary bladder to the body wall at the umbilicus. 
The relative embryologic contributions of the allantois and 
the cloaca to the development of the urachus have been 
debated and are still not fully known.** With growth of 
the embryo, the urachus also grows and lengthens to main- 
tain its connection with the bladder dome and body stalk. By 
the beginning of the 6th month, the urachus has become an 
elongate structure little more than a millimeter in diameter. 
At birth, the dome of the bladder and the umbilicus are in 
close proximity. At this developmental phase, the urachus is 
only 2.5 to 3 mm in length with a diameter of 1 mm through- 
out most of its course; however, it expands to 3 mm as it 
joins the bladder.**? In comparison, the neighboring umbili- 
cal arteries are 5 to 7 mm in diameter, and the umbilical 
vein is 10 mm in diameter. At its superior end, the urachus 
commonly divides into three separate fibrous strands. Two of 
these fibrous strands attach to the adventitia of the umbilical 
arteries, but the middle one passes through the body wall 
into the umbilical cord. Within the cord, it breaks up into a 
number of fine fibrous strands, the last remnants of the allan- 
tois, about 10 mm from the surface of the body.” 

The urachus lies in a space between the anterior abdominal 
wall and the peritoneum. It is bounded anteriorly and poste- 
riorly by the umbilicovesical fascia and laterally by the two 
umbilical arteries, which are surrounded by umbilicovesical 
fascia. Inferiorly, the umbilicovesical fascial layers spread 
out over the surface of the dome of the bladder. These fascial 
planes separate a roughly pyramidal anatomic space, termed 
the space of Retzius, from the peritoneum and other struc- 
tures. This anatomic space contains adipose tissue, which 
allows for filling and expansion of the bladder. As the apex 
of the urinary bladder descends into the pelvis with continued 


growth after birth, the urachus and obliterated umbilical arter- 
ies descend with it. The adventitia of the umbilical arteries 
is attached superiorly to the fibrous tissue, which closes the 
umbilical fascial tunnel, and this adventitia fans out into a 
complex of fibrous strands, the plexus of Luschka. 

Based on the relationship of the urachus to the umbili- 
cal arteries, four anatomic variants were recognized by 
Hammond et al.” in adults and children (Fig. 5-61). In type 
I, the urachus is well defined and extends from the bladder to 
the umbilicus, separate from the umbilical arteries. The type 
II variant consists of union of the urachus with one of the 
umbilical arteries and their joint continuation to the umbili- 
cus. When the urachus and both umbilical arteries join and 
continue to the umbilicus as a cord, the ligamentum com- 
mune, the variant is type III. Type IV occurs when the urachus 
and both umbilical arteries merge into a tangle of strands (the 
plexus of Luschka), which extends from the point of merging 
above the bladder to the umbilicus. 

Hammond et al.” found type I in 7 of 20 adult speci- 
mens, type II in 4 of 20, type III in 4 of 20, and type IV 
in 5 of 20 adult specimens. In a study of 81 specimens, 
Blichert-Toft et al.° found 7 of type I (2 adults, 1 child, and 
4 stillborn infants), 10 of type II, 20 of type III, and 44 of 
type IV. Since the bladder had not yet descended into the pel- 
vis in the four stillborns, it would be expected that all are of 
type I (the fetal type). Both these classic studies demonstrate 
that the fetal type of anatomy may persist into adulthood, but 
they report different prevalence rates of that variant. 

In the adult, the urachus outside the urinary blad- 
der wall has a wide range in length with reports from 2 
to 15 cm, but it most commonly ranges from 5 to 5.5 cm 
in length.74° At its junction with the urinary bladder, the 
width of the urachus most often ranges from 4 to 8 mm and 
tapers to about 2 mm at its superior end.” For descriptive 
purposes, it is convenient to divide the urachus into three 
parts: supravesical, intramural, and intramucosal. When 
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Figure 5-61 E Common variants of urachal anatomy as 
described by Hammond et al. Type I: The urachus extends from the 
bladder to the umbilicus, separate from the umbilical arteries. This 
is also called the fetal type. Type II: The urachus joins with one of 
the umbilical arteries, and they continue together to the umbilicus. 
Type II: The urachus and two umbilical arteries join together above 
the bladder and continue together to the umbilicus. Type IV: The 
urachus and both umbilical arteries merge into a tangle of strands 
(the plexus of Luschka), which extends from the point of merging 
above the bladder to the umbilicus. 


there is no communication with the bladder lumen, only the 
intramural and supravesical portions are present. Tubular 
urachal remnants lined by epithelium are not uncommon 
and reportedly present within the wall of the urinary blad- 
der in approximately one-third of the adult population. 
These intramural remnants are evenly distributed between 
men and women.”’ Schubert et al. classified the archi- 
tecture of the intramural urachal canals into three types, 
ranging from simple tubular canals to more complex pas- 
sages: Type I has a simple tubular canal, type II consists 
of a canal with a slightly irregular course and one or more 
saccular dilatations, and type III consists of a canal with a 
very irregular course and numerous blind outpockets and 
saccular dilatations (Fig. 5-62). 

The mucosal portion of the urachus also has anatomic 
variation (Fig. 5-63). It may consist of a wide diverticular 
opening, a papilla, or a small opening flush with the muco- 
sal surface. In some patients, the urachus does not open 
into the bladder lumen and is covered by the urinary blad- 
der mucosa, which may be even with the adjacent mucosal 
surface or have a slight indentation or “dimple.” Wutz” 
considered that an opening into the bladder lumen existed 
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Figure 5-62 E Common patterns of the urachus within the 
muscularis propria of the urinary bladder. Type I: a smooth tubular 
canal. Type II: a canal with an irregular course and a few saccular 
dilatations. Type II: a canal with a markedly irregular course and 
multiple outpouchings and saccular dilatations. 


in most cases and that there was a small fold of mucosa, 
which covered the opening and prevented the efflux of urine 
into the urachus, which has been referred to as the “valve 
of Wutz.” The existence of this valve has been the subject 
of much controversy. Begg described only one example of 
this structure in his series of dissections and Hammond et 
al. reported none.“34> Bucchiere*” concluded that the valve 
does exist, but that it is particularly difficult to demonstrate 
in fixed specimens. Begg described the presence of a delicate 
orifice in one-third of his specimens; however, in the remain- 
ing two-thirds, microscopic sections did not demonstrate an 
orifice. Hammond et al.” reported an identifiable orifice in 
only 10% of their specimens. 


al Merg 


Figure 5-63 E Commonpatterns ofthe intramucosal segment 
of the urachus. A: Patent lumen with wide opening that invaginates 
into the bladder lumen (i.e., termination in a papilla); (B) patent 
lumen with a small smooth opening flush with the mucosal surface; 
(C) no luminal connection with smooth bladder mucosa; and (D) 
no luminal connection with small invagination of bladder mucosa 
(a “dimple”). 
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Figure 5-64 W The microscopic anatomy of the urachus. 


Histology 


Microscopically, the urachus consists of a central lumen 
surrounded by an epithelial lining, which is invested by 
multiple layers of connective tissue that include (from the 
lumen outward): (a) a subepithelial coat of dense fibrous 
tissue, (b) a layer of loose fibrous tissue, (c) an array of 
bundles of smooth muscle, and (d) an outer adventitia of 
connective tissue (Fig. 5-64). All of these elements of the 
urachus are located between the transversalis fascia and the 
peritoneum. At least some epithelium frequently persists 
into adulthood.”*?447 It is reported that the distribution of 
persistent urachal epithelium varies with the anatomic type 
of urachus (i.e., Hammond types I to IV). Blichert-Toft et al. 
found that persistent epithelium was present in six of seven 
examples of the type I anatomic variant and that it extended 
at least half the distance to the umbilicus. In three cases, epi- 
thelium extended all the way to the level of the umbilicus.” 
In contrast, only 16 of 44 examples of the type IV variant 
(36%) had persistent epithelium. In most of those cases, the 
epithelium was limited to the region of the apex/dome of the 
urinary bladder. The normal urachus is not always a smooth 
tube, and it often has small buds or ramifications branching 
from it in the wall of the urinary bladder and in the supraves- 
ical segment.” Patients presenting with symptoms from 
urachal remnants typically have epithelium present, but the 
absence of symptoms does not necessarily correlate with an 
absence of epithelium.’ 

The histologic type of persistent epithelium also varies 
considerably. While most examples consist of urothelium 
(Fig. 5-65), a columnar intestinal-type lining with goblet 
cells may also be seen as well as squamous epithelium. 
The simple layer of columnar cells may rarely form small 
intraluminal papillary excrescences.” The presence of 
intestinal-type goblet epithelial cells in the urachus may 
not represent a metaplastic process given that they have 
been identified in the urachus of a newborn.”*! As would 
be expected, there are immunohistochemical staining dif- 
ferences in the varying types of epithelium found within 
the urachus. Urothelium within the urachus stains as typical 


Figure 5-65 W Urachal remnants are most commonly lined 
by a urothelial layer. 


urothelium, while glandular epithelium often shows an 
intestinal phenotype.?™ 


MALFORMATIONS 


Patent Urachus 


The first observation of urachal disease is generally attributed 
to Bartolomeo Cabriolus, whose 1550 Alphabet Anatomique 
contained a description of a patient with a patent urachus. 
The patent urachus has been classified into five types 
(Fig. 5-66), which are defined as complete or incomplete. In 
its complete form, patent urachus is a dramatically symp- 
tomatic lesion in which urine drains from the umbilical 
stump or umbilicus.”!*>3 These reviews found a prepon- 
derance of males to females (2:1) and an age range from 
neonatal to old age. Often, the umbilicus was swollen and 
inflamed. Although most of the patients had no other detect- 
able developmental anomaly, Lattimer?’ found that 50% of 
the 22 children who had congenital deficiency of the abdom- 
inal musculature (“prune-belly syndrome”) also had a patent 
urachus. The etiology of patent urachus has been debated. 
Based on the associations with hydronephrosis, hydroure- 
ter, and dilation of the bladder in these children, Lattimer? 
argued that elevated pressure may lead to a failure of urachal 
closure. Others have argued that increased pressure is not 
an adequate explanation and suggest failure of the urachus 
to develop normally, errors in timing of the developmental 
sequences, or malformations of the urinary bladder resulting 
in its apex remaining near the umbilicus.” 

The incomplete forms of patent urachus, as proposed by 
Vaughan? in 1905, are umbilicourachal sinus, vesicoura- 
chal sinus or diverticulum, and the blind variant in which the 
urachus is closed at both ends but remains patent in between. 
In 1961, Hinman?’ added the alternating urachal sinus to the 
classification in order to account for adults without histories 
of urinary drainage from the umbilicus in whom urachal 
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Figure 5-66 W Variants of patent urachus. A: Completely patent urachus. B: Umbilicourachal sinus. C: Vesicourachal sinus or vesi- 
courachal diverticulum. D: Blindly patent urachus. E: Alternating urachal sinus. 


infections drained both through the umbilicus and the 
bladder. He distinguished this from complete patent urachus, 
in which the lumen from bladder to umbilicus is patent at 
birth, and concluded that in the alternating sinus the lumen 
was a potential one in which cellular debris accumulated and 
formed a focus for infection. 

Rarely, calculi are formed within the cavities of urachal 
malformations.**°***>? These stones are often similar in salt 
composition to those more commonly found in the urinary 
bladder. 


Urachal Cysts 


Urachal cysts may occur at any level in the urachus and 
range from small incidental findings to large symptomatic 
lesions. Smaller cysts commonly are lined with urothelium 
or cuboidal cells (Fig. 5-67A). However, columnar epithe- 
lium may also form the lining. Larger cysts are usually lined 
by flattened, attenuated epithelium (Fig. 5-67B). 


Infections 


Bacterial infections of the urachus most often occur in the 
presence of a urachal malformation or cyst.’ Purulent 
bacterial infections are reported in association with a 


variety of malformations including umbilicourachal sinus, 
vesicourachal sinus, blind urachus or cyst, and alternating 
urachal sinus.”4'”¢'°° These infections often develop into 
abscesses and may drain spontaneously through the umbi- 
licus or into the bladder. In advanced infections, rupture 
through the peritoneum may occur and is a serious complica- 
tion. When the abscess is large and advanced, it may be dif- 
ficult to determine the exact nature of the associated urachal 
anomaly and may clinically mimic a primary bladder cancer 
with extensive extravesical invasion.**’ Treatment with anti- 
biotics followed by prompt surgical removal of the infected 
cyst has been shown to be effective therapy.” Tuberculous, 
echinococcal, actinomycotic, and tineal infections have 
been reported to involve the urachus, but these etiologies 
appear to be rare.'° 7! The fetal, or type I, anatomical 
variant of urachal structure reportedly predisposes patients 
to pilonidal disease and granulomas. Steck and Helwig 
reported that 40 of 82 patients with type I anatomic vari- 
ant had chronic granulomatous omphalitis, and 13 of these 
40 also had umbilical pilonidal disease. It was argued that 
this predisposition is due to a urachal attachment that pro- 
duces umbilical dimples of greater depth than normal.” 
Xanthogranulomatous inflammation has also been reported 
in association with urachal malformations.” 
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Figure 5-67 W A: This urachal cyst shows a cuboidal lining epithelium, (B) but many have an atrophic epithelial layer. 


REFERENCES 


f; 


Moore KL, Persaud TVN. The Developing Human: Clinically Oriented 
Embryology. 8th ed. Philadelphia, PA: Saunders/Elsevier; 2007. 


. Shapiro E. Clinical implications of genitourinary embryology. Curr 


Opin Urol 2009;19:427-433. 


. Brooks JD. Anatomy of the lower urinary tract and male genitalia. 


In: Wein AJ, et al., eds. Campbell-Walsh Urology. Philadelphia, PA: 
Saunders/Elsevier; 2007:38-77. 


. Moore KL, Dalley AF. Clinically Oriented Anatomy. 4th ed. Philadelphia, 


PA: Lippincott Williams and Wilkins; 1999. 


. Fawcett DW. Bloom and Fawcett: A Textbook of Histology. 11th ed. 


Philadelphia, PA: WB Saunders; 1986. 


. Reuter VR. Urinary bladder, ureter, and renal pelvis. In: Mills SE, ed. 


Histology for Pathologists. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2007:909-922. 


. Epstein JI, et al. The World Health Organization/International Society 


of Urological Pathology consensus classification of urothelial (tran- 
sitional cell) neoplasms of the urinary bladder. Bladder Consensus 
Conference Committee. Am J Surg Pathol 1998;22:1435-1448. 


. Wells HG. Giant cells in cystitis. Arch Pathol Lab Med 1938;26:32-43. 
. Philip AT, et al. Intravesical adipose tissue: a quantitative study of its 


presence and location with implications for therapy and prognosis. Am 
J Surg Pathol 2000;24:1286—1290. 


. Ro JY, Ayala AG, el-Naggar A. Muscularis mucosa of urinary bladder. 


Importance for staging and treatment. Am J Surg Pathol 1987; 
11:668-673. 


. Paner GP, et al. Further characterization of the muscle layers and lam- 


ina propria of the urinary bladder by systematic histologic mapping: 
implications for pathologic staging of invasive urothelial carcinoma. 
Am J Surg Pathol 2007;31:1420-1429. 


. Vakar-Lopez F, et al. Muscularis mucosae of the urinary bladder revis- 


ited with emphasis on its hyperplastic patterns: a study of a large series 
of cystectomy specimens. Ann Diagn Pathol 2007;11:395—401. 


. Paner GP, et al. Diagnostic utility of antibody to smoothelin in the dis- 


tinction of muscularis propria from muscularis mucosae of the urinary 
bladder: a potential ancillary tool in the pathologic staging of invasive 
urothelial carcinoma. Am J Surg Pathol 2009;33:91—98. 


. Aneiros-Fernandez J, Nicolae A, Preda O. Smoothelin in bladder and 


gastrointestinal tract again. Histopathology 2011;58:1173. 


. Council L, Hameed O. Differential expression of immunohistochemi- 


cal markers in bladder smooth muscle and myofibroblasts, and the 
potential utility of desmin, smoothelin, and vimentin in staging of blad- 
der carcinoma. Mod Pathol 2009;22:639-650. 


16. 


ig 


18. 


19. 


29. 


30. 


Hansel DE, et al. Limited smoothelin expression within the muscula- 
ris mucosae: validation in bladder diverticula. Hum Pathol 2011;42: 
1770-1776. 

Maake C, et al. Expression of smoothelin in the normal and the overac- 
tive human bladder. J Urol 2006;175:1152—1157. 

Montani M, Thiesler T, Kristiansen G. Smoothelin is a specific and robust 
marker for distinction of muscularis propria and muscularis mucosae in 
the gastrointestinal tract. Histopathology 2010;57:244-249. 

Paner GP, et al. Diagnostic use of antibody to smoothelin in the recog- 
nition of muscularis propria in transurethral resection of urinary blad- 
der tumor (TURBT) specimens. Am J Surg Pathol 2010;34:792-799. 


. Chakravarthy R, et al. In response—a modified staining protocol for 


smoothelin immunostaining. Virchows Arch 2011;459:119-120. 


. Lindh C, et al. Detection of smoothelin expression in the urinary bladder is 


strongly dependent on pretreatment conditions: a critical analysis with pos- 
sible consequences for cancer staging. Virchows Arch 2011;458:665—670. 


. Miyamoto H, et al. Pitfalls in the use of smoothelin to identify mus- 


cularis propria invasion by urothelial carcinoma. Am J Surg Pathol 
2010;34:418-422. 


. Glenn JF. Agenesis of the bladder. J Am Med Assoc 19593169: 


2016-2018. 


. Miller HL. Agenesis of the urinary bladder and urethra. J Urol 


1948;59:1156. 


. Kasat LS, et al. Bladder agenesis with urometrocolpos. Pediatr Surg Int 


1999:15:415-416. 


. Weight CJ, Chand D, Ross JH. Single system ectopic ureter to rectum 


subtending solitary kidney and bladder agenesis in newborn male. 
Urology 2006;68:1344 el-e3. 


. Bhagwat AD, et al. Agenesis of the urinary bladder with cutaneous 


ectopic ureteric orifice and multiple birth defects. Pediatr Surg Int 
1997;12:63—-65. 


. Karaguzel G, Aslan A, Melikoglu M. An uncommon association 


relating to cloacal maldevelopment: bladder agenesis, anorectal atre- 
sia, and absence of vulva, vagina, and uterus. J Pediatr Surg 1999; 
34:612-614. 

Stocker JT, Heifetz SA. Sirenomelia. A morphological study of 33 cases 
and review of the literature. Perspect Pediatr Pathol 1987;10:7—50. 
Perlmutter AD, Retik AB, Bauer SB. Anomalies of the upper urinary 
tract. In: Walsh PC, et al., eds. Campbells’ Urology. Philadelphia, PA: 
Saunders; 1986:1665. 


. Piaseczna Piotrowska A, et al. Interstitial cells of Cajal in the 


human normal urinary bladder and in the bladder of patients with 
megacystis-microcolon intestinal hypoperistalsis syndrome. BJU Int 
2004;94: 143-146. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


32. 


33; 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Si 


52. 


53: 


54. 


39: 


56. 


ST 


58. 


59. 


Drake M. Interstitial cells of cajal in the human normal urinary bladder 
and in the bladder of patients with megacystis-microcolon intestinal 
hypoperistalsis syndrome. BJU Int 2004;94:1402. 

Gastol P, et al. Complete duplication of the bladder, urethra, vagina, and 
uterus in girls. Urology 2000;55:578-581. 

Abrahamson J. Double bladder and related anomalies: clinical and 
embryological aspects and a case report. Br J Urol 1961;33:195. 
Lacson A, et al. Renal system. Kidneys and urinary tract. In: Gilbert- 
Barnes E, ed. Potters Pathology of the Fetus, Infant, and Child. 
Philadelphia, PA: Elsevier; 2007: 1330-1344. 

Dominguez R, et al. Caudal duplication syndrome. Am J Dis Child 
1993;147:1048-1052. 

Harcke HT Jr, et al. Bladder diverticula and Menkes’ syndrome. 
Radiology 1977;124:459-461. 

Morris CA, et al. Adults with Williams syndrome. Am J Med Genet 
Suppl 1990;6:102-107. 

Breivik N, et al. Ehlers-Danlos syndrome and diverticula of the bladder. 
Z Kinderchir 1985;40:243-246. 

Faysal MH, Freiha FS. Primary neoplasm in vesical diverticula. A 
report of 12 cases. Br J Urol 1981;53:141-143. 

Knappenberger ST, Uson AC, Melicow MM. Primary neoplasms occur- 
ring in vesical diverticula: a report of 18 cases. J Urol 1960;83:153-159. 
Thomas AA, et al. Urethral diverticula in 90 female patients: a study 
with emphasis on neoplastic alterations. J Urol 2008;180:2463-2467. 
Ebert AK, et al. The exstrophy-epispadias complex. Orphanet J Rare 
Dis 2009;4:23. 

Siebert JR, Kapur RP. Back and perineum. In: Gilbert-Barnes E, ed. 
Potter's Pathology of the Fetus, Infant and Child. Philadelphia, PA: 
Elsevier; 2007:950-951. 

Culp DA. The Histology of the exstrophied bladder. J Urol 1964;91: 
538-548. 

Rudin L, Tannenbaum M, Lattimer JK. Histologic analysis of the exstro- 
phied bladder after anatomical closure. J Urol 1972;108:802-807. 
Beare JB, Tormey AR Jr, Wattenberg CA. Exstrophy of the urinary 
bladder complicated by adenocarcinoma. J Urol 1956;76:583-594. 

Mc Intosh J, Worley G Jr. Adenocarcinoma arising in exstrophy of 
the bladder: report of two cases and review of the literature. J Urol 
1955;73:820-829. 

Semerdjian HS, Texter JH Jr, Yawn DH. Rhabdomyosarcoma occur- 
ring in repaired exstrophied bladder: a case report. J Urol 1972;108: 
354-356. 

Rieder JM, et al. Primary squamous cell carcinoma in unreconstructed 
exstrophic bladder. Urology 2006;67:199. 

Sahai A, Rosenblatt GS, Parra RO. Squamous cell carcinoma arising 
in an augmented bladder in a patient with bladder exstrophy. J Urol 
2004; 172:2187-2188. 

Vik V, Gerharz EW, Woodhouse CR. Invasive carcinoma in bladder 
exstrophy with transitional, squamous and mucus-producing differen- 
tiation. Br J Urol 1998;81:173-174. 

Smeulders N, Woodhouse CR. Neoplasia in adult exstrophy patients. 
BJU Int 2001;87:623-628. 

Novak TE, et al. Polyps in the exstrophic bladder. A cause for concern? 
J Urol 2005;174:1522—1526; discussion 1526. 

Nuovo GJ, Nagler HM, Fenoglio JJ Jr. Arteriovenous malforma- 
tion of the bladder presenting as gross hematuria. Hum Pathol 1986; 
17:94-97. 

Shekarriz B, et al. Massive hematuria in adults with Klippel-Trenaunay 
syndrome associated with vascular malformation of the bladder. Urol 
Int 2000;64:226-228. 

Tavora F, Montgomery E, Epstein JI. A series of vascular tumors 
and tumorlike lesions of the bladder. Am J Surg Pathol 2008;32: 
1213-1219. 

Furness PD MI, et al. Klippel-Trenaunay syndrome: 2 case reports and 
a review of genitourinary manifestations. J Urol 2001;166:1418—1420. 
Husmann DA, Rathburn SR, Driscoll DJ. Klippel-Trenaunay syn- 
drome: incidence and treatment of genitourinary sequelae. J Urol 
2007;177:1244-1249. 


Chapter 5 W Nonneoplastic Lesions of the Urinary Bladder 


60. 


6l. 


62. 
63. 


64. 


65. 
66. 


67. 


68. 
69. 


70. 


TAs 


72. 


73: 
74. 


T: 


76. 


TI 


78. 


79; 
80. 


81. 


82. 
83. 
84. 


85. 


86. 


335 


Lane Z, Epstein JI. Pseudocarcinomatous epithelial hyperplasia in the 
bladder unassociated with prior irradiation or chemotherapy. Am J Surg 
Pathol 2008;32:92-97. 

Sukov WR, et al. Perivascular epithelioid cell tumor (PEComa) of the 
urinary bladder: report of 3 cases and review of the literature. Am J 
Surg Pathol 2009;33:304—308. 

Yucel S, et al. Hypospadias and anorectal malformations mediated by 
Eph/ephrin signaling. J Pediatr Urol 2007;3:354-363. 

Matsui F, et al. Bladder function after total urogenital mobilization for 
persistent cloaca. J Urol 2009;182:2455—2459. 

McKenney JK, et al. Discriminatory immunohistochemical staining 
of urothelial carcinoma in situ and non-neoplastic urothelium: an 
analysis of cytokeratin 20, p53, and CD44 antigens. Am J Surg Pathol 
2001;25:1074-1078. 

Buck EG. Polypoid cystitis mimicking transitional cell carcinoma. 
J Urol 1984;131:963. 

Ekelund P, et al. The reversibility of catheter-associated polypoid cystitis. 
J Urol 1983;130:456-459. 

Ekelund P, Johansson S. Polypoid cystitis: a catheter associated lesion 
of the human bladder. Acta Pathol Microbiol Scand A 1979;87A: 
179-184. 

Kilic S, et al. Polypoid cystitis unrelated to indwelling catheters: a 
report of eight patients. Int Urol Nephrol 2002;34:293-297. 

Young RH. Papillary and polypoid cystitis. A report of eight cases. Am 
J Surg Pathol 1988;12:542-546. 

Lane Z, Epstein JI. Polypoid/papillary cystitis: a series of 41 cases 
misdiagnosed as papillary urothelial neoplasia. Am J Surg Pathol 
2008;32:758-764. 

Magi-Galluzzi C, Epstein JI. Urothelial papilloma of the bladder: a 
review of 34 de novo cases. Am J Surg Pathol 2004;28:1615—1620. 
McKenney JK, Amin MB, Young RH. Urothelial (transitional cell) pap- 
illoma of the urinary bladder: a clinicopathologic study of 26 cases. 
Mod Pathol 2003;16:623-629. 

Fajardo LF, Berthrong M. Radiation injury in surgical pathology. Part I. 
Am J Surg Pathol 1978;2:159-199, 

Hansson S, et al. Follicular cystitis in girls with untreated asymptom- 
atic or covert bacteriuria. J Urol 1990;143:330-332. 

Marsh FP, Banerjee R, Panchamia P. The relationship between urinary 
infection, cystoscopic appearance, and pathology of the bladder in man. 
J Clin Pathol 1974;27:297-307. 

Sarma KP. On the nature of cystitis follicularis. J Urol 1970;104: 
709-714. 

Vaidyanathan S, et al. The method of bladder drainage in spinal cord 
injury patients may influence the histological changes in the mucosa of 
neuropathic bladder—a hypothesis. BMC Urol 2002;2:5. 
Giamnopoulos A, et al. The immunomodulating effect of interferon- 
gamma intravesical instillations in preventing bladder cancer recurrence. 
Clin Cancer Res 2003;9:5550-5558. 

Ohsawa M, et al. Malignant lymphoma of bladder. Report of three cases 
and review of the literature. Cancer 1993;72:1969-1974. 

Pawade J, et al. Lymphomas of mucosa-associated lymphoid tissue aris- 
ing in the urinary bladder. Histopathology 1993;23:147-151. 
Gillenwater JY, Wein AJ. Summary of the National Institute of Arthritis, 
Diabetes, Digestive and Kidney Diseases Workshop on Interstitial 
Cystitis, National Institutes of Health, Bethesda, Maryland, August 
28-29, 1987. J Urol 1988;140:203—206. 

Giannantoni A, et al. Contemporary management of the painful blad- 
der: a systematic review. Eur Urol 2012;61:29-53. 

Hanno PM, et al. AUA guideline for the diagnosis and treatment of 
interstitial cystitis/bladder pain syndrome. J Urol 2011;185:2162—2170. 
Johansson SL, Fall M. Clinical features and spectrum of light micro- 
scopic changes in interstitial cystitis. J Urol 1990;143:1118-1124. 
Kastrup J, et al. Histamine content and mast cell count of detrusor 
muscle in patients with interstitial cystitis and other types of chronic 
cystitis. Br J Urol 1983;55:495—5S00. 

Lundeberg T, et al. Interstitial cystitis: correlation with nerve fibres, 
mast cells and histamine. Br J Urol 1993;71:427-429. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


336 


87. 


88. 


89. 
90. 
91. 
92. 
93. 
94. 


95. 


96. 


97. 


98. 


99. 
100. 


101. 
102. 


103. 


104. 
105. 
106. 
107. 
108. 
109. 


110. 


111. 


112. 
113. 
114. 


115. 


116. 


Urological Pathology 


Oliva E, et al. Immunohistochemistry as an adjunct in the differential 
diagnosis of radiation-induced atypia vs. carcinoma in situ of the blad- 
der: a study of 48 cases. Mod Pathol 2007;20:167A. 

Murphy WM, Soloway MS, Crabtree WN. The morphologic effects 
of mitomycin C in mammalian urinary bladder. Cancer 1981;47: 
2567-2574. 

Rubin JS, Rubin RT. Cyclophosphamide hemorrhagic cystitis. J Urol 
1966;96:313-3 16. 

deVries CR, Freiha FS. Hemorrhagic cystitis: a review. J Urol 
1990;143:1—9. 

Gregg JA, Utz DC. Eosinophilic cystitis associated with eosinophilic 
gastroenteritis. Mayo Clin Proc 1974;49:185—187. 

Hellstrom HR, Davis BK, Shonnard JW. Eosinophilic cystitis. A study 
of 16 cases. Am J Clin Pathol 1979;72:777-784. 

Oh SJ, Chi JG, Lee SE. Eosinophilic cystitis caused by vesical sparga- 
nosis: a case report. J Urol 1993;149:58 1-583. 

Hooton TM. Pathogenesis of urinary tract infections: an update. J 
Antimicrob Chemother 2000;46:1-7. 

Hooton TM. The current management strategies for community- 
acquired urinary tract infection. Infect Dis Clin North Am 2003;17: 
303-332. 

Hooton TM, Stamm WE. Diagnosis and treatment of uncomplicated 
urinary tract infection. Infect Dis Clin North Am 1997;11:551—581. 
Canning DA. Encrusted cystitis and pyelitis in children: an unusual 
condition with potentially severe consequences. J Urol 2005; 
173:237-238. 

Giannakopoulos S, et al. Encrusted cystitis and pyelitis. Eur Urol 
2001;39:446-448. 

Meria P, et al. Encrusted cystitis and pyelitis. J Urol 1998;160:3-9. 
Pollack HM, et al. Diagnostic considerations in urinary bladder wall 
calcification. AJR Am J Roentgenol 1981;136:791—797. 

Ballas K, et al. Gangrenous cystitis. Int Urogynecol J Pelvic Floor 
Dysfunct 2007;18:1507—1509. 

Devitt AT, Sethia KK. Gangrenous cystitis: case report and review of 
the literature. J Urol 1993;149:1544-1545. 

White MD, Das AK, Kaufman RP Jr. Gangrenous cystitis in the elderly: 
pathogenesis and management options. Br J Urol 1998;82: 
297-299. 

Quint HJ, et al. Emphysematous cystitis: a review of the spectrum of 
disease. J Urol 1992;147:134-137. 

Thomas AA, et al. Emphysematous cystitis: a review of 135 cases. 
BJU Int 2007;100:17-20. 

Dutta P, et al. Presentation and outcome of emphysematous renal tract 
disease in patients with diabetes mellitus. Urol Int 2007;78:13-—22. 
Morrison SC. Pneumatosis of the bladder wall associated with necro- 
tizing enterocolitis. J Clin Ultrasound 2000;28:497-499. 

Long JP Jr, Althausen AF. Malacoplakia: a 25-year experience with a 
review of the literature. J Urol 1989;141:1328-1331. 

Smith BH. Malacoplakia of the urinary tract: a study of twenty-four 
cases. J Urol 1965;43:409. 

Thorning D, Vracko R. Malakoplakia. Defect in digestion of phago- 
cytized material due to impaired vacuolar acidification? Arch Pathol 
1975;99:456—460. 

Abdou NI, et al. Malakoplakia: evidence for monocyte lysosomal 
abnormality correctable by cholinergic agonist in vitro and in vivo. N 
Engl J Med 1977;297:1413-1419. 

Michaelis L, Gutmann C. Ueber Einschlusse in Blasentumoren. Z Klin 
Med 1902;47:208. 

Rohner TJ Jr, Tuliszewski RM. Fungal cystitis: awareness, diagnosis 
and treatment. J Urol 1980;124:142-144. 

Wise GJ, Silver DA. Fungal infections of the genitourinary system. 
J Urol 1993;149:1377-1388. 

King DT, Lam M. Actinomycosis of the urinary bladder. Asso- 
ciation with an intrauterine contraceptive device. JAMA 1978;240: 
1512-1513. 

Makar AP, et al. Primary actinomycosis of the urinary bladder. Br J 
Urol 1992;70:205-206. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


132a. 


133. 


134. 


133: 


136. 


137. 


138. 


139. 


Ozyurt C, et al. Actinomycosis simulating bladder tumour. Br J Urol 
1995;76:263-264. 

Villani U, et al. Actinomycosis of bladder and intrauterine devices. Br 
J Urol 1987;60:463-464. 

Chrisofos M, et al. HPV 16/18-associated condyloma acuminatum of 
the urinary bladder: first international report and review of literature. 
Int J STD AIDS 2004;15:836-838. 

Karim RZ, et al. Condylomata acuminata of the urinary bladder with 
HPV 11. Pathology 2005;37:176-178. 

Kleiman H, Lancaster Y. Condyloma acuminata of the bladder. J Urol 
1962;88:52. 

Del Mistro A, et al. Condylomata acuminata of the urinary bladder. 
Natural history, viral typing, and DNA content. Am J Surg Pathol 
1988;12:205—215. 

Koss LG. Warty carcinoma of bladder containing HPV type 11. Int J 
Surg Pathol 2000;8:367. 

Querci della Rovere G, et al. Development of bladder tumour con- 
taining HPV type 11 DNA after renal transplantation. Br J Urol 
1988;62:36-38. 

Akiyama H, et al. Adenovirus is a key pathogen in hemorrhagic cys- 
titis associated with bone marrow transplantation. Clin Infect Dis 
2001;32:1325-1330. 

Hofland CA, Eron LJ, Washecka RM. Hemorrhagic adenovirus cystitis 
after renal transplantation. Transplant Proc 2004;36(10):3025-3027. 
Keswani M, Moudgil A. Adenovirus-associated hemorrhagic cys- 
titis in a pediatric renal transplant recipient. Pediatr Transplant 
2007;11:568-571. 

Miyamura K, et al. Hemorrhagic cystitis associated with urinary 
excretion of adenovirus type 11 following allogeneic bone marrow 
transplantation. Bone Marrow Transplant 1989;4:533-535. 

Umekawa T, Kurita T. Acute hemorrhagic cystitis by adenovirus type 
11 with and without type 37 after kidney transplantation. Urol Int 
1996;56:114—-116. 

Meehan SM, et al. Nephron segment localization of polyoma virus 
large T antigen in renal allografts. Hum Pathol 2006;37:1400-—1406. 
Giraud G, et al. BK-viruria and haemorrhagic cystitis are more 
frequent in allogeneic haematopoietic stem cell transplant patients 
receiving full conditioning and unrelated-HLA-mismatched grafts. 
Bone Marrow Transplant 2008;41:737—742. 

de Padua Silva L, et al. Hemorrhagic cystitis after allogeneic 
hematopoietic stem cell transplants is the complex result of BK 
virus infection, preparative regimen intensity and donor type. 
Haematologica 2010;95:1183—1190. 

Herawi M, Parwani AV, Chan T, et al. Polyoma virus-associated cellu- 
lar changes in the urine and bladder biopsy samples: a cytohistologic 
correlation. Am J Surg Pathol 2006;30:345. 

Childs R, et al. High incidence of adeno- and polyomavirus-induced 
hemorrhagic cystitis in bone marrow allotransplantation for hemato- 
logical malignancy following T cell depletion and cyclosporine. Bone 
Marrow Transplant 1998;22:889-893. 

Spach DH, et al. Cytomegalovirus-induced hemorrhagic cystitis fol- 
lowing bone marrow transplantation. Clin Infect Dis 1993;16:142-144. 
Tutuncuoglu SO, Yanovich S, Ozdemirli M. CMV-induced hem- 
orrhagic cystitis as a complication of peripheral blood stem cell 
transplantation: case report. Bone Marrow Transplant 2005;36: 
265-266. 

Ghoneim MA. Bilharziasis of the genitourinary tract. BJU Int 
2002;89:22-30. 

Zahran MM, et al. Bilharziasis of urinary bladder and ureter: com- 
parative histopathologic study. Urology 1976;8:73-79. 

Van Gool T, et al. Serodiagnosis of imported schistosomiasis by a 
combination of a commercial indirect hemagglutination test with 
Schistosoma mansoni adult worm antigens and an enzyme-linked im- 
munosorbent assay with S. mansoni egg antigens. J Clin Microbiol 
2002;40:3432-3437. 

Eble JN, Banks ER. Post-surgical necrobiotic granulomas of urinary 
bladder. Urology 1990;35:454—457. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


151, 


152. 


153, 


154. 


159; 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


165. 


Tai HL, Chen CC, Yeh KT. Xanthogranulomatous cystitis associated 
with anaerobic bacterial infection. J Urol 1999;162:795-796. 

Chung MK, et al. Xanthogranulomatous cystitis associated with su- 
ture material. J Urol 1998;159:981—982. 

Walther M, Glenn JF, Vellios F. Xanthogranulomatous cystitis. J Urol 
1985;134:745—746. 

Lage JM, et al. Histological parameters and pitfalls in the interpre- 
tation of bladder biopsies in bacillus Calmette-Guerin treatment of 
superficial bladder cancer. J Urol 1986;135:916—-919. 

Rigatti P, et al. Local bacillus Calmette-Guerin therapy for superfi- 
cial bladder cancer: clinical, histological and ultrastructural patterns. 
Scand J Urol Nephrol 1990;24:191-198. 

Oates RD, et al. Granulomatous prostatitis following bacillus 
Calmette-Guerin immunotherapy of bladder cancer. J Urol 1988; 
140:75 1-754. 

Christensen WI. Genitourinary tuberculosis: review of 102 cases. 
Medicine (Baltimore) 1974;53:377-390. 

Stoller JK. Late recurrence of Mycobacterium bovis genitourinary 
tuberculosis: case report and review of literature. J Urol 1985;134: 
565-566. 

Schwartz BF, Stoller ML. The vesical calculus. Urol Clin North Am 
2000;27:333-346. 

Pacchioni D, et al. Immunohistochemical detection of estrogen and 
progesterone receptors in the normal urinary bladder and in pseudo- 
membranous trigonitis. J Endocrinol Invest 1992;15:719-725. 
Stephenson TJ, et al. Pseudomembranous trigonitis of the bladder: 
hormonal aetiology. J Clin Pathol 1989;42:922-926. 

Jurkiewicz B, et al. Bladder squamous metaplasia of the urothelium— 
introductory report. Urol Int 2006;77:46—49. 

Khan MS, et al. Keratinising squamous metaplasia of the bladder: 
natural history and rationalization of management based on review of 
54 years experience. Eur Urol 2002;42:469-474. 

Tannenbaum M. Inflammatory proliferative lesion of urinary bladder: 
squamous metaplasia. Urology 1976;7:428-429. 

von Brunn A. Ueber drusenahnliche bildungen in der scheimhaut 
des ureters und der harnblasebeim menschen. Arch F Mikosc Anat 
1935;41:303. 

Volmar KE, et al. Florid von Brunn nests mimicking urothelial car- 
cinoma: a morphologic and immunohistochemical comparison to 
the nested variant of urothelial carcinoma. Am J Surg Pathol 2003; 
27:1243-1252. 

Davies G, Castro JE. Cystitis glandularis. Urology 1977;10:128-129. 
Mostofi FK. Potentialities of bladder epithelium. J Urol 1954;71: 
705-714. 

Kunze E, Schauer A, Schmitt M. Histology and histogenesis of 
two different types of inverted urothelial papillomas. Cancer 1983; 
51:348-358. 

Jacobs LB, Brooks JD, Epstein JI. Differentiation of colonic meta- 
plasia from adenocarcinoma of urinary bladder. Hum Pathol 
1997;28:1152-1157. 

Young RH, Bostwick DG. Florid cystitis glandularis of intestinal type 
with mucin extravasation: a mimic of adenocarcinoma. Am J Surg 
Pathol 1996;20:1462-1468. 

Corica FA, et al. Intestinal metaplasia is not a strong risk factor for 
bladder cancer: study of 53 cases with long-term follow-up. Urology 
1997;50:427-431. 

Baker PM, Young RH. Radiation-induced pseudocarcinomatous pro- 
liferations of the urinary bladder: a report of 4 cases. Hum Pathol 
2000;3 1:678-683. 

Chan TY, Epstein JI. Radiation or chemotherapy cystitis with “pseu- 
docarcinomatous” features. Am J Surg Pathol 2004;28:909-9 13. 
Oliva E, Young RH. Nephrogenic adenoma of the urinary tract: a re- 
view of the microscopic appearance of 80 cases with emphasis on 
unusual features. Mod Pathol 1995;8:722—730. 

Rutgers JL, Young RH. Nephrogenic adenoma of the urinary bladder: 
a comparison of its cytologic and histopathologic features in ten cases. 
Diagn Cytopathol 1988;4:210-216. 


Chapter 5 W Nonneoplastic Lesions of the Urinary Bladder 


166. 


167. 


168. 


169. 


170. 


171. 


172; 


173: 


174. 


175. 


176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 
184. 


185. 


186. 
187. 


188. 


337 


Young RH, Scully RE. Nephrogenic adenoma. A report of 15 cases, 
review of the literature, and comparison with clear cell adenocarci- 
noma of the urinary tract. Am J Surg Pathol 1986;10:268-275. 

Crook TJ, et al. A case series of nephrogenic adenoma of the urethra 
and bladder in children: review of this rare diagnosis, its natural his- 
tory and management, with reference to the literature. J Pediatr Urol 
2006;2:323-328. 

Husain AN, Armin AR, Schuster GA. Nephrogenic metaplasia 
of urinary tract in children: report of three cases and review of the 
literature. Pediatr Pathol 1988;8:293-300. 

Allan CH, Epstein JI. Nephrogenic adenoma of the prostatic ure- 
thra: a mimicker of prostate adenocarcinoma. Am J Surg Pathol 
2001;25:802-808. 

Hansel DE, Nadasdy T, Epstein JI. Fibromyxoid nephrogenic 
adenoma: a newly recognized variant mimicking mucinous adenocar- 
cinoma. Am J Surg Pathol 2007;31:1231—1237. 

Skinnider BF, et al. Expression of alpha-methylacyl-CoA racemase 
(P504S) in nephrogenic adenoma: a significant immunohistochemical 
pitfall compounding the differential diagnosis with prostatic adeno- 
carcinoma. Am J Surg Pathol 2004;28:701—705. 

Tong GX, et al. PAX2: a reliable marker for nephrogenic adenoma. 
Mod Pathol 2006;19:356—363. 

Tong GX, et al. Expression of PAX8 in nephrogenic adenoma and 
clear cell adenocarcinoma of the lower urinary tract: evidence of 
related histogenesis? Am J Surg Pathol 2008;32:1380—1387. 
Gilcrease MZ, et al. Clear cell adenocarcinoma and nephrogenic 
adenoma of the urethra and urinary bladder: a histopathologic 
and immunohistochemical comparison. Hum Pathol 1998;29: 
1451-1456. 

Wood DP Jr, Streem SB, Levin HS. Nephrogenic adenoma in patients 
with transitional cell carcinoma of the bladder receiving intravesical 
thiotepa. J Urol 1988;139:130-131. 

Stilmant MM, Siroky MB. Nephrogenic adenoma associated with 
intravesical bacillus Calmette-Guerin treatment: a report of 2 cases. 
J Urol 1986;135:359-361. 

Piper NY, Thompson IM. Large nephrogenic adenoma following 
transurethral resection of the prostate. J Urol 1999;161:605. 
Medeiros LJ, Young RH. Nephrogenic adenoma arising in urethral 
diverticula. A report of five cases. Arch Pathol Lab Med 1989;113: 
125-128. 

Hung SY, Tseng HH, Chung HM. Nephrogenic adenoma associated 
with cytomegalovirus infection of the ureter in a renal transplant 
patient: presentation as ureteral obstruction. Transpl Int 2001;14: 
111-114. 

Scelzi S, et al. Nephrogenic adenoma of bladder after ibuprofen abuse. 
Urology 2004;64:1030. 

Mazal PR, et al. Derivation of nephrogenic adenomas from renal 
tubular cells in kidney-transplant recipients. N Engl J Med 2002; 
347:653-659. 

Al-Ahmadie H, et al. Giant botryoid fibroepithelial polyp of bladder 
with myofibroblastic stroma and cystitis cystica et glandularis. Pediatr 
Dev Pathol 2003;6:179-181. 

Tsuzuki T, Epstein JI. Fibroepithelial polyp of the lower urinary tract 
in adults. Am J Surg Pathol 2005;29:460—-466. 

Young RH. Fibroepithelial polyp of the bladder with atypical stromal 
cells. Arch Pathol Lab Med 1986;110:241—242. 

Remick DG Jr, Kumar NB. Benign polyps with prostatic-type epithe- 
lium of the urethra and the urinary bladder. A suggestion of histogen- 
esis based on histologic and immunohistochemical studies. Am J Surg 
Pathol 1984;8:833-839. 

Smith VC, Boone TB, Truong LD. Collagen polyp of the urinary tract: 
a report of two cases. Mod Pathol 1999;12:1090-1093. 

Crites MA, Ghoniem GM. Bladder mass “collagenoma”. Int Urogyne- 
col J 2011;22:621-623. 

Truong LD, Ostrowski ML, Wheeler TM. Tamm-Horsfall protein in 
bladder tissue. Morphologic spectrum and clinical significance. Am J 
Surg Pathol 1994;18:615—622. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


338 


189. 
190. 


191. 
192. 
193. 


194. 


195. 


196. 


197. 


198. 


199; 


200. 


201. 


202. 


203. 


204. 


205. 


206. 


207. 


208. 


209. 


210. 


211. 


212. 


213. 


214. 


Urological Pathology 


Howie AJ. Tamm-Horsfall protein outside the kidney. J Pathol 
1987;153:399-404. 

Billis A, et al. Adenoma of bladder in siblings with renal dysplasia. 
Urology 1980;16:299-302. 

Borski AA. Hamartoma of the bladder. J Urol 1970;104:718-719. 
Brancatelli G, et al. Hamartoma of the urinary bladder: case report 
and review of the literature. Eur Radiol 1999;9:42-44. 

Keating MA, et al. Hamartoma of the bladder in a 4-year-old girl 
with hamartomatous polyps of the gastrointestinal tract. J Urol 
1987;138:366-369. 

McCallion WA, Herron BM, Keane PF. Bladder hamartoma. Br J Urol 
1993;72:382-383. 

Williams MP, Ibrahim SK, Rickwood AM. Hamartoma of the urinary 
bladder in an infant with Beckwith-Wiedemann syndrome. Br J Urol 
1990;65:106—107. 

Livneh A, et al. Light chain amyloidosis of the urinary bladder. 
A site restricted deposition of an externally produced immunoglobulin. 
J Clin Pathol 2001;54:920-923. 

Merrimen JL, Alkhudair WK, Gupta R. Localized amyloidosis 
of the urinary tract: case series of nine patients. Urology 2006;67: 
904-909. 

Oka N, et al. Secondary amyloidosis of the bladder causing macro- 
scopic hematuria. Int J Urol 2001;8:330-332. 

Tirzaman O, et al. Primary localized amyloidosis of the urinary 
bladder: a case series of 31 patients. Mayo Clin Proc 2000;75: 
1264-1268. 

Monge M, et al. Localized amyloidosis of the genitourinary tract: re- 
port of 5 new cases and review of the literature. Medicine (Baltimore) 
2011;90:212-222. 

Andrade MJ. Lower urinary tract dysfunction in familial amyloid- 
otic polyneuropathy, Portuguese type. Neurourol Urodyn 2009;28: 
26-32. 

Comiter CV. Endometriosis of the urinary tract. Urol Clin North Am 
2002;29:625-635. 

Parker RL, et al. Polypoid endometriosis: a clinicopathologic anal- 
ysis of 24 cases and a review of the literature. Am J Surg Pathol 
2004;28:285-297. 

Wong- You-Cheong JJ, et al. From the archives of the AFIP: inflamma- 
tory and nonneoplastic bladder masses: radiologic-pathologic correla- 
tion. Radiographics 2006;26:1847—1868. 

Clement PB. Lesions of the secondary mullerian system. Urinary tract 
endometriosis. In: Kurman RJ, ed. Blaustein 5 Pathology of the Female 
Genital Tract. New York, NY: Springer-Verlag; 2002:762-764. 
Pinkert TC, Catlow CE, Straus R. Endometriosis of the urinary 
bladder in a man with prostatic carcinoma. Cancer 1979;43: 
1562-1567. 

Schrodt GR, Alcorn MO, Ibanez J. Endometriosis of the male urinary 
system: a case report. J Urol 1980;124:722-723. 

Garavan F, Grainger R, Jeffers M. Endometrioid carcinoma of the uri- 
nary bladder complicating vesical Mullerianosis: a case report and 
review of the literature. Virchows Arch 2004;444:587-589. 

Oliva E, et al. Clear cell carcinoma of the urinary bladder: a report 
and comparison of four tumors of mullerian origin and nine of prob- 
able urothelial origin with discussion of histogenesis and diagnostic 
problems. Am J Surg Pathol 2002;26:190-197. 

al-Izzi MS, et al. Malignant transformation in endometriosis of the 
urinary bladder. Histopathology 1989;14:191—198. 

Chapron C, et al. Surgery for bladder endometriosis: long-term results 
and concomitant management of associated posterior deep lesions. 
Hum Reprod 2010;25:884—-889. 

Clement PB, Young RH. Endocervicosis of the urinary bladder. 
A report of six cases of a benign mullerian lesion that may mimic 
adenocarcinoma. Am J Surg Pathol 1992;16:533-542. 

Edmondson JD, et al. Endosalpingiosis of bladder. J Urol 2002;167: 
1401-1402. 

Young RH, Clement PB. Mullerianosis of the urinary bladder. Mod 
Pathol 1996;9:73 1-737. 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


222. 


223. 


224. 


225. 


226. 


227. 


228. 


229. 


230. 


231. 


232. 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


Felderman T, et al. Mullerian duct cysts: conservative management. 
Urology 1987;29:31-34. 

Ritchey ML, et al. Management of mullerian duct remnants in the 
male patient. J Urol 1988;140:795-799. 

Steele AA, Byrne AJ. Paramesonephric (mullerian) sinus of urinary 
bladder. Am J Surg Pathol 1982;6:173-176. 

Anastasiades KD, Majmudar B. Prolapse of fallopian tube into uri- 
nary bladder, mimicking bladder carcinoma. Arch Pathol Lab Med 
1983;107:613-614. 

Joffe N. Roentgenologic abnormalities of the urinary bladder second- 
ary to Crohn’s disease. AJR Am J Roentgenol 1976;127:297-302. 
Slade N, Gaches C. Vesico-intestinal fistulae. Br J Surg 1972;59: 
593-597. 

Bird GC. Obstetric vesico-vaginal and allied fistulae. A report on 70 
cases. J Obstet Gynaecol Br Commonw 1967;74:749-752. 

Zoubek J, et al. The late occurrence of urinary tract damage in patients 
successfully treated by radiotherapy for cervical carcinoma. J Urol 
1989;141:1347-1349. 

Proppe KH, Scully RE, Rosai J. Postoperative spindle cell nodules of 
genitourinary tract resembling sarcomas. A report of eight cases. Am 
J Surg Pathol 1984;8:101—108. 

Freeman A, et al. Anaplastic lymphoma kinase (ALK 1) staining and 
molecular analysis in inflammatory myofibroblastic tumours of the 
bladder: a preliminary clinicopathological study of nine cases and re- 
view of the literature. Mod Pathol 2004;17:765—771. 

Harik LR, et al. Pseudosarcomatous myofibroblastic proliferations of 
the bladder: a clinicopathologic study of 42 cases. Am J Surg Pathol 
2006;30:787—-794. 

Hirsch MS, Dal Cin P, Fletcher CD. ALK expression in pseudosarco- 
matous myofibroblastic proliferations of the genitourinary tract. His- 
topathology 2006;48:569-578. 

Montgomery EA, et al. Inflammatory myofibroblastic tumors of the uri- 
nary tract: a clinicopathologic study of 46 cases, including a malignant 
example inflammatory fibrosarcoma and a subset associated with high- 
grade urothelial carcinoma. Am J Surg Pathol 2006;30:1502—1512. 
Tsuzuki T, Magi-Galluzzi C, Epstein JI. ALK-1 expression in 
inflammatory myofibroblastic tumor of the urinary bladder. Am J Surg 
Pathol 2004;28:1609-1614. 

Cessna MH, et al. Expression of ALK1 and p80 in inflammatory myo- 
fibroblastic tumor and its mesenchymal mimics: a study of 135 cases. 
Mod Pathol 2002;15:931—938. 

Iczkowski KA, et al. Inflammatory pseudotumor and sarcoma of 
urinary bladder: differential diagnosis and outcome in thirty-eight 
spindle cell neoplasms. Mod Pathol 2001;14:1043-1051. 

Jones EC, Young RH. Myxoid and sclerosing sarcomatoid transitional 
cell carcinoma of the urinary bladder: a clinicopathologic and immu- 
nohistochemical study of 25 cases. Mod Pathol 1997;10:908-916. 
Westfall DE, et al. Utility of a comprehensive immunohistochemical 
panel in the differential diagnosis of spindle cell lesions of the urinary 
bladder. Am J Surg Pathol 2009;33:99-105. 

Hautmann RE, et al. The ileal neobladder: complications and func- 
tional results in 363 patients after 11 years of followup. J Urol 
1999;161:422-427; discussion 427-428. 

Chen KK, et al. Histopathological changes in Kock pouch. Br J Urol 
1993;72:433-440. 

Hockenstrom T, et al. Morphologic changes in ileal reservoir mucosa 
after long-term exposure to urine. A study in patients with continent 
urostomy (Kock pouch). Scand J Gastroenterol 1986;21:1224—1234. 
Gatti R, et al. Histological adaptation of orthotopic ileal neobladder 
mucosa: 4-year follow-up of 30 patients. Eur Urol 1999;36:588-594. 
Senkul T, et al. Histopathologic changes in the mucosa of ileal 
orthotopic neobladder—findings in 24 patients followed up for 5 years. 
Scand J Urol Nephrol 2003;37:202-204. 

Kojima Y, et al. Mucosal morphological changes in the ileal neoblad- 
der. Br J Urol 1998;82:114-117. 

Aragona F, et al. Structural and ultrastructural changes in ileal 
neobladder mucosa: a 7-year follow-up. Br J Urol 1998;81:55-61. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


249. 


250. 


251. 


252. 


253. 
254. 


255. 


Robles MW, Rutgers JK, Shanberg AM. Adenocarcinoma and dyspla- 
sia in an ileal neobladder after ileocystoplasty for interstitial cystitis. 
Int J Surg Pathol 2004;12:63-65. 

Cullen TS. Embryology, Anatomy, and Diseases of the Umbilicus 
Together with Diseases of the Urachus. Philadelphia, PA: W.B. Saun- 
ders; 1916. 

Bauer SB, Retik AB. Urachal anomalies and related umbilical disor- 
ders. Urol Clin North Am 1978;5:195-211. 

Begg RC. The urachus: its anatomy, histology, and development. 
J Anat 1930;64:170-182. 

Trimingham HL, McDonald JR. Congenital anomalies in the region of 
the umbilicus. Surg Gynecol Obstet 1945;80:152—163. 

Hammond G, Yglesias L, Davis JE. The urachus, its anatomy and 
associated fasciae. Anat Rec 1941;80:271—287. 

Blichert-Toft M, Koch F, Nielsen OV. Anatomic variants of the ura- 
chus related to clinical appearance and surgical treatment. Surg Gyne- 
col Obstet 1973;137:51—54. 

Schubert GE, Pavkovic MB, Bethke-Bedurftig BA. Tubular urachal 
remnants in adult bladders. J Urol 1982;127:40-42. 

Wutz JB. Ueber Urachus and Urachuscysten. Arch Pathol Anat Physi- 
ol Klin Med 1883;92:387-423. 

Bucchiere JJ Jr. Diseases of the Urachus. Minneapolis, MN: University 
of Minnesota; 1978. 

Copp HL, et al. Clinical presentation and urachal remnant pathology: 
implications for treatment. J Urol 2009;182:1921—1924. 

Tyler DE. Epithelium of intestinal type in the normal urachus: a new 
theory of vesical embryology. J Urol 1964;92:505-507. 

Paner GP, et al. Immunohistochemical analysis in a morphologic 
spectrum of urachal epithelial neoplasms: diagnostic implications and 
pitfalls. Am J Surg Pathol 2011;35:787-798. 

Herbst WP. Patent urachus. Southern Med J 1937;30:711-719. 
Lattimer JK. Congenital deficiency of the abdominal musculature 
and associated genitourinary anomalies: a report of 22 cases. J Urol 
1958;79:343-352. 

Schreck WR, Campbell WA IIL The relation of bladder outlet obstruc- 
tion to urinary-umbilical fistula. J Urol 1972;108:641—643. 


Chapter 5 W Nonneoplastic Lesions of the Urinary Bladder 


256. 


257. 
258. 
259. 
260. 
261. 


262. 
263. 


264. 
265. 
266. 
267. 
268. 
269. 
270. 
271; 
272. 


273. 


339 


Vaughan GT. Patent urachus. Review of the cases reported. Operation 
on a case complicated by stones in the kidneys. A note on tumors and 
cysts of the urachus. Trans Am Surg Assoc 1905;23:273-294. 

Hinman F Jr. Urologic aspects of the alternating urachal sinus. Am J 
Surg 1961;102:339-342. 

Nargund VH, Donaldson RA. Urachal calculi: a case report and 
review of the literature. Int Urol Nephrol 1994;26:409-411. 

Dreyfuss ML, Fliess MM. Patent urachus with stone formation. J Urol 
1941;47:77-81. 

Iuchtman M, et al. Management of urachal anomalies in children and 
adults. Urology 1993;42:426—-430. 

Berman SM, et al. Urachal remnants in adults. Urology 1988;31: 
17-21. 

Brodie N. Infected urachal cysts. Am J Surg 1945;69:243-248. 
Hinman F Jr. Surgical disorders of the bladder and umbilicus of 
urachal origin. Surg Gynecol Obstet 1961;113:605-614. 

Lees VC, Doyle PT. Urachal cyst presenting with abscess formation. 
J R Soc Med 1991;84:367-368. 

MacMillan RW, Schullinger JN, Santulli TV. Pyourachus: an unusual 
surgical problem. J Pediatr Surg 1973;8:387-389. 

MacNeily AE, et al. Urachal abscesses: protean manifestations, their 
recognition, and management. Urology 1992;40:530-535. 

Chen WJ, Hsieh HH, Wan YL. Abscess of urachal remnant mimicking 
urinary bladder neoplasm. Br J Urol 1992;69:510-512. 

Newman BM, et al. Advances in the management of infected urachal 
cysts. J Pediatr Surg 1986;21:1051—1054. 

Micheli E, et al. Primary actinomycosis of the urachus. BJU Int 
1999;83:144—-145. 

Nagy V, et al. Actinomycosis of the urachus persistens penetrating into 
the ileum. /nt Urol Nephrol 1997;29:627-631. 

Thompson NP, Stoker DL, Springall RG. Urachal abscess as a compli- 
cation of tinea corporis. Br J Urol 1994;73:319. 

Steck WD, Helwig EB. Umbilical granulomas, pilonidal disease, and 
the urachus. Surg Gynecol Obstet 1965;120:1043-1057. 

Carrere W, et al. Urachal xanthogranulomatous disease. Br J Urol 
1996;77:612-613. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


oc 
LU 
= 
oO 
< 
am 
O 


Tumors of the Urinary Bladder 


CLASSIFICATION OF UROTHELIAL TUMORS | 


The last decade has seen a tremendous upheaval in this very 
important area that only recently seems to have settled down 
to a level of general concurrence.' For over two decades, the 
World Health Organization (WHO) classification and grad- 
ing of urothelial neoplasms? dominated although several 
variations and different schemes were published. In the early 
1990s, several factors emerged that resulted in the need to 
reevaluate this approach. First, the controversy of calling 
grade 1 papillary tumors “carcinoma” arose with several 
groups led by Dr. William Murphy calling all tumors in the 
low-grade end as papilloma.** Second, the use of intravesi- 
cal therapy as a standard practice in the treatment of high- 
risk noninvasive papillary tumors demanded that high-risk 
tumors be clearly identified. Third, the WHO (1973) system 
was criticized for the imprecision of the published criteria 
(Table 6-1), leading many pathologists to essentially use this 
three-grade system to create five grade groups (1, 1-2, 2, 
2-3, and 3), one result being that only a small percentage of 
cases were placed in the grade 3 group. For example, in a 
review of three clinical studies only 25 of 280 (8.9%) newly 
diagnosed noninvasive papillary tumors (pTa) were called 
grade 3.° The effect of the latter was confusion as to how 
to treat grade 2 Ta tumors, a category that included many 
high-risk patients who could benefit from intravesical ther- 
apy as well as many patients with low-risk disease for whom 
intravesical therapy may not be appropriate or necessary. 
Multiple studies have demonstrated that this group includes 
high-risk patients with progression to invasive carcinoma 
reported in up to 20% of patients and cancer-specific death 
in 13% to 20%.°” 

Recognizing the many emerging issues, in 1997 Dr. F. K. 
Mostofi organized a meeting of a small group of urologic 
pathologists, urologists, and urologic oncologists to address 
these concerns. This was followed by a much larger con- 
sensus conference that was held under the auspices of the 
International Society of Urologic Pathology (ISUP) in March 
of 1998. The results of this consensus were adopted by the 
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WHO and the results published in 1998 as the WHO/ISUP 
consensus classification (Table 6-2). Most controversial 
was the adoption of the term papillary urothelial neoplasm 
of low malignant potential. This represented a compromise 
term where the papilloma and carcinoma advocates could be 
comfortable and allowed that controversy to be brought to 
resolution. Most important was the adoption of the grading 
system that had been described by Malmström et al.” The 
value of the latter was viewed as twofold; first, the morpho- 
logic criteria for applying the scheme were well defined and, 
second, it appeared to place the majority of patients with 
high-risk disease into the high-grade category. 

The publication of the 1999 WHO blue book the fol- 
lowing year introduced a variation on this system with the 
splitting of the low- and high-grade categories of the 1998 
WHO/ISUP classification into three groups (grades 1, 2, and 
3) while retaining the papillary urothelial neoplasm of low 
malignant potential category.'° This reignited the controversy 
with some experts urging a return to the 1973 WHO grad- 
ing system.!! Others criticized the 1998 WHO/ISUP system 
as simply representing a renaming of the 1973 WHO,” a 
clearly incorrect interpretation." At a subsequent meeting in 
Ancona, Italy (2001), a modified version of the 1973 WHO 
was proposed." 

This issue became the primary focus of discussion at the 
WHO meetings prior to the release of the 2004 WHO clas- 
sification. Following extensive debate and discussion, it was 
agreed overwhelmingly to essentially reproduce the 1998 
WHO/ISUP classification as the 2004 WHO recommended 
classification scheme (Table 6-2).'* The authors of the Fourth 
Series Armed Forces Institute of Pathology fascicle covering 
bladder neoplasia also followed this system.! With this con- 
sistent approach adopted by arguably the two most influen- 
tial references for tumor classification and grading, work can 
continue on evaluating the biologic and clinical relevance 
and value of this system.!° 

The success of the 2004 WHO/ISUP classification in 
addressing the key issues outlined in the first paragraph has 
been stressed, in particular the reclassification of high-risk 
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Table 6-1 1973 WHO GRADING CRITERIA 


Grade 1 Tumors with the least degree of cellular 
anaplasia compatible with a diagnosis of 
malignancy 

Grade 2 Histologic features between grades 1 and 3 

Grade 3 Tumors with the most severe degrees of 


cellular anaplasia 


From Mostofi F Sobin L. Histologic Typing of Urinary Bladder Tumors. 
Geneva, Switzerland: World Health Organization; 1973. 


grade 2 tumors (WHO 1973) into the high-grade papil- 
lary carcinoma category.'*!”!8 For example, in the study 
by Yin and Leong,'® 13 of 46 WHO (1973) grade 2 tumors 
(28%) were placed in the WHO (2004) high-grade category 
resulting in 23% of all cases being considered high-grade in 
WHO 2004 compared to only 4% being called grade 3 in the 
1973 WHO system. Similarly, Samaratunga et al." reviewed 
134 papillary tumors of which 6 (4%) had been reported as 
grade 3 (WHO, 1973); on review they considered 29 (22%) 
to be high grade by WHO/ISUP 1998. 

This approach has been embraced by many urologic 
oncologists with interest in bladder cancer. It has important 
application in the contemporary treatment of Ta tumors. The 
reclassification of high-risk grade 2 tumors (WHO 1973) into 
the high-grade category (WHO 2004) has resulted in a large 
and better-defined group of patients with low-risk Ta tumors. 
In a series of 215 patients with low-grade (papilloma, papil- 
lary urothelial neoplasm of low malignant potential and low- 
grade papillary carcinoma) Ta tumors from the Memorial 
Sloan Kettering Cancer Center treated by transurethral resec- 
tion only, progression to high-grade Ta or invasive carcinoma 
occurred in only 3% and 5% of patients, respectively, with 


Table 6-2 2004 WHO/1998 ISUP 
CLASSIFICATION 
e Normal 


e Hyperplasias 
e Flat lesions with atypia 
o Reactive (inflammatory) atypia 
o Atypia of unknown significance 
o Dysplasia (low-grade intraurothelial neoplasia) 
o CIS (high-grade intraurothelial neoplasia) 
e Papillary neoplasms 
o Papilloma 
o Inverted papilloma 
o Papillary urothelial neoplasm of low malignant potential 
o Papillary carcinoma, low grade 
o Papillary carcinoma, high grade 
e Invasive neoplasms 


From Epstein JI, Amin MB, Reuter VR, et al. The World Health 
Organization/International Society of Urological Pathology consensus 
classification of urothelial (transitional cell) neoplasms of the urinary 
bladder. Bladder Consensus Conference Committee. Am J Surg 
Pathol 1998;22:1435-1448; Eble J, Epstein J, Sauter G, et al. World 
Health Organization Histologic and Genetic Typing of Tumours of the 
Kidney, Urinary Bladder, Prostate Gland and Testis. Lyon, France: 
IARC Press; 2004. 
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a median follow-up of 8 years.” A prospective study lent 
further support to these findings.” This experience has led to 
the suggestion that patients with low-grade Ta tumors can be 
followed less frequently.” Similarly, Nieder and Soloway” 
recommended treating patients with papilloma and papillary 
urothelial neoplasm of low malignant potential by transure- 
thral resection alone, low-grade Ta tumors by transurethral 
resection with a single dose of mitomycin C, and high- 
grade Ta tumors by transurethral resection with mitomycin 
C and bacillus Calmette-Guérin (BCG) immunotherapy. 
In December 2007, the American Urological Association 
(AUA) reinforced the current approach in its guidelines for 
the treatment of non—muscle-invasive bladder cancers by 
separating noninvasive papillary tumors into two groups— 
low grade and high grade**-—with different treatment rec- 
ommendations for each group. The use of this system has 
also been advocated by the European Urology Association. 
The College of American Pathologists (CAP) utilizes WHO 
2004 in its recommendations for the reporting of urothelial 
tumors.’ Support for this system was further emphasized 
in the International Consultation on Bladder Cancer.’ 


EPITHELIAL TUMORS—BENIGN 


Urothelial Papilloma 


There has been a long-standing controversy regarding the 
nature of papillary lesions with minimal cytologic atypia.” 
An early definition by Mostofi restricted the term papilloma 
to noninvasive papillary lesions covered by urothelium that 
was indistinguishable from normal urothelium.” This defi- 
nition was adopted in the WHO (1973) classification.” The 
use of this term by some experts for up to one-third of all 
papillary lesions was a major stimulant to the reevaluation 
of these lesions that began in 1997.°4 The current classifi- 
cation retains the restrictive traditional WHO criteria.?4!> 
These tumors do harbor the FGF'R3 mutations characteristic 
of papillary neoplasia.*” 


Clinical Features 


Lesions meeting these restricted criteria occur at a younger 
age than other urothelial bladder tumors and often pres- 
ent with only one or a few papillary processes. The mean 
patient age in two large series was 51 years (range, 8 to 87 
years).°*!*? In one series with individual data presented, 50% 
of the patients were under 40 years of age.*! They are more 
common in men (male:female ratio is 2.4:1).3! There does 
not appear to be a predilection for a specific location in the 
bladder. Using the restrictive criteria recommended, these 
lesions account for approximately 1% of papillary tumors.”® 
In patients with urothelial papilloma and no other urothelial 
neoplasia, the recurrence rate is <10% and there is a low risk 
for the subsequent development of higher-grade tumors.”*3! #4 
In contemporary studies, the progression to higher-grade 
tumors has been low, and the subsequent development of 
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Figure 6-1 W Urothelial papilloma showing a small tumor 
with fine papillary fronds. 


invasive disease has been reported to be <1%.*!*3 In these 
studies, the one case with progression was on immunosup- 
pressive therapy following renal transplantation. 


Pathology 


Grossly, urothelial papilloma consists of a small lesion with 
a few distinct and separate fronds. Histologically, papilloma 
is characterized by fine papillary fronds without fusion or 
complexity (Fig. 6-1). There is minimal if any branching. 
Individual fronds are covered by an essentially normal uro- 
thelium without architectural or cytologic atypia (Fig. 6-2). 
The absolute number of cell layers is not a criterion for 
diagnosis, but the urothelium should not be obviously thick- 
ened. In some cases, the urothelium can be quite attenuated 
with only a couple of cell layers. As in normal urothelium, 
some variability in the histology is allowed. The umbrella 
cell layer can have enlarged nuclei and cytoplasmic vacu- 
oles, and an apocrine-like appearance of the cytoplasm 
can be seen. There should be no atypia of the cells other 
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Figure 6-2 W Urothelial papilloma with the surface urothe- 
lium showing no cytologic or architectural atypia. 


Figure 6-3 W Urothelial papilloma with immunohistochem- 
istry for cytokeratin 20 highlighting a few umbrella cells. 


than the umbrella cells. Mitoses are absent. Although 
immunohistochemistry is not recommended for diagnosis, 
similar to papillary urothelial neoplasm of low malignant 
potential, expression of cytokeratin 20 is limited to the 
umbrella cell layer (Fig. 6-3)* and proliferation determined 
by Ki-67 immunohistochemistry is low." 


Differential Diagnosis 


The differential diagnosis includes papillary cystitis, papillary 
hyperplasia, and low-grade papillary urothelial carcinoma. 
Papillary cystitis occurs in an inflammatory background and 
the clinical setting—indwelling catheter, bladder stones, 
nonfunctioning bladder—may be helpful. The papillae are 
shorter and broader than typical of papillary neoplasia.*”** 
Branching of the papillae is not a feature. The stroma is 
inflamed and may be edematous (polypoid cystitis). The 
urothelium often shows a reactive type of atypia. Papillary 
hyperplasia has more of a pseudopapillary architecture with 
tenting of the urothelium characterized by a thicker stro- 
mal core at the base of the lesion that thins toward the tip 
of the lesion.” The uniformly thin fibrovascular core typical 
of papilloma is absent. The lesion often is associated with 
thickening of the urothelium of the pseudopapillary projec- 
tion and the adjacent flat surface. Distinction from papillary 
urothelial neoplasm of low malignant potential can be dif- 
ficult. The presence of complex branching, thickening of the 
epithelium, or increased cell density favors the diagnosis of 
papillary urothelial neoplasm of low malignant potential, 
while any fusion of the papillae, architectural disturbance, 
nuclear enlargement or atypia, and mitoses indicates the 
diagnosis of low-grade papillary carcinoma. 


Inverted Urothelial Papilloma 
Clinical Features 


Inverted urothelial papilloma accounts for approximately 1% 
of urothelial neoplasms. It is a distinct clinical and pathologic 
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Box 6-1 INVERTED PAPILLOMA—KEY 


FEATURES 


Polypoid growth 

Complex trabecular architecture 
Origin from surface epithelium 
Palisading of basal cells 

Tubules with columnar cells 

No significant cytologic atypia 

No exophytic papillary component 


entity that occurs over a wide age range but most often after 
the age of 50.54 They are much more common in men than 
women. These develop throughout the urinary tract but are 
most common in the urinary bladder, in particular the tri- 
gone and bladder neck region. Cases of synchronous inverted 
papilloma and papillary carcinoma are well described though 
rare. In rare cases, they can be multifocal.” Inverted papil- 
loma is treated by transurethral resection and is associated 
with a low risk of recurrence (<5%) that is distinctly different 
from low-grade papillary urothelial neoplasms.*** 

Genetic data have confirmed that these represent a neoplastic 
process with clonality demonstrated by X-linked inactivation 
studies.”** Loss of heterozygosity studies have demonstrated 
that inverted urothelial papilloma does not have the typical 
genetic abnormalities of papillary urothelial neoplasms, sup- 
porting the concept that these are unrelated.** There is no asso- 
ciation with human papilloma virus (HPV) infection.” 


Pathology 


Grossly, these lesions typically have an exophytic polyp- 
oid growth pattern and can be pedunculated (Box 6-1). 
Histologically, inverted urothelial papilloma consists of 
anastomosing trabeculae of urothelium covered by a normal 
or attenuated urothelium (Fig. 6-4). Multiple sites of origin 
from the surface urothelium are usually present. The basal 


Figure 6-4 W Inverted urothelial papilloma with polypoid 
appearance, flattened surface epithelium, and complex trabecular 
architecture. 
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of basilar cells and streaming of centrally located cells. 


layer is often prominent with the basilar nuclei lined up per- 
pendicular to the basement membrane. The cells in the cen- 
tral part of the trabeculae can be spindled with a streaming 
growth pattern (Fig. 6-5). In general, there is no significant 
nuclear pleomorphism although occasionally mild atypia 
can be present.® Mitotic figures are rare or absent. The cyto- 
plasm can be foamy or vacuolated.*! This can resemble the 
“glycogenated” squamoid morphology that can be present in 
some urothelial carcinomas. Squamous or glandular differ- 
entiation may be present. In many cases, glands or gland-like 
spaces that are lined by a cuboidal to columnar epithelium 
are found (Fig. 6-6). These typically do not appear to be 
mucin-containing cells on hematoxylin and eosin—stained 
sections. The lumens can contain eosinophilic secretions that 
can stain with mucicarmine. In transurethral resection mate- 
rial, the fragmentation of the lesion may result in apparent 
papillary structures, making diagnosis difficult. There is no 
stromal desmoplasia and minimal inflammation. 
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Figure 6-6 W Inverted urothelial papilloma with glandular 
spaces lined by columnar epithelium. 
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Differential Diagnosis 


The major problem is the distinction from papillary car- 
cinoma with an inverted growth pattern.***°°? These car- 
cinomas generally have larger pushing borders with more 
defined nested architecture rather than the complex anas- 
tomosing architecture typical of inverted papilloma. The 
striking peripheral palisading, maturation toward the center 
of the trabeculae and the spindling growth pattern are also 
absent. In most cases, there is a greater degree of nuclear 
pleomorphism than is acceptable for inverted papilloma, 
and mitoses may be frequent. Foci of stromal invasion are 
often present and would exclude the diagnosis of inverted 
papilloma. 

Florid cystitis glandularis can produce a localized pol- 
ypoid lesion that can be confused with inverted papilloma. 
These have well-defined nests without the complex trabecu- 
lar architecture of inverted papilloma. Similarly, exuberant 
proliferations of von Brunn nests can mimic inverted papil- 
loma, but the nests are separated and a complex trabecular 
architecture is absent.** Finally other tumors that can have a 
nested architecture such as the nested variant of urothelial 
carcinoma, paraganglioma, and carcinoid tumor could poten- 
tially mimic inverted papilloma in small biopsy specimens. 


Villous Adenoma 
Clinical Features 


Villous adenoma is an uncommon lesion that can arise in the 
urinary bladder proper or the urachus.*>>? It is more com- 
mon in men than women and occurs over a wide age range 
from young adults to the elderly with most found in the sixth 
or seventh decade. The most frequent presentation is with 
hematuria or irritative symptoms. Mucusuria can occur but 
is infrequent. Lesions in the urinary bladder most often arise 
in the trigone or bladder dome region. Involvement of blad- 
der diverticula is also described. Development following 
bladder augmentation has been reported.*! At cystoscopy, the 
lesion has an exophytic appearance. 

Villous adenoma is treated by transurethral resection 
or local resection. If the lesion is a pure villous adenoma, 
complete local resection is curative. There is, however, a fre- 
quent association with adenocarcinoma, and without com- 
plete resection and examination of the lesion this possibility 
cannot be excluded.* In one series, 50% of cases had either 
in situ adenocarcinoma (17%) or invasive adenocarcinoma 
(33%) associated with the villous adenoma.” 


Pathology 


Villous adenoma in the bladder is morphologically identical 
to that occurring in the gastrointestinal tract. There are tall 
villous projections covered by an intestinal-type epithelium 
with variable numbers of goblet cells (Fig. 6-7). The nuclei 
are oval to fusiform, enlarged, and frequently pseudostrati- 
fied with variable degrees of atypia (Fig. 6-8). Nucleoli can 
be prominent. Mitoses are present but are not frequent. In 
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Figure 6-7 W Villous adenoma with tall villiform papillae. 


Figure 6-8 W Villous adenoma with pseudostratified mucin- 
secreting epithelium. 
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some cases the degree of atypia is sufficient to warrant the 
designation of adenocarcinoma in situ.” Cystitis glandularis 
can be present.” Acidic and neutral mucin is demonstrable 
in most cases.” The tumors have a similar immunohisto- 
chemical profile as in the gastrointestinal tract with cyto- 
keratin 20 (100%) and carcinoembryonic antigen (CEA) 
positivity (89%).°* Many also express cytokeratin 7 (56%). 
In one study, expression of prostate-specific membrane 
antigen (PSMA) was described in one case but without 
immunoreactivity for prostate-specific antigen (PSA) or 
prostate-specific acid phosphatase (PSAP).® There is also 
a single report of reactivity for PSA in a villous adenoma 
of the urachus.™ 


Differential Diagnosis 


The major consideration is with adenocarcinoma, with either 
primary or secondary involvement from the gastrointestinal 
tract. Up to 50% of cases of villous adenoma have associ- 
ated malignancy, and so, careful examination for areas of in 
situ and invasive adenocarcinoma is essential (Fig. 6-9). The 
invasive tumor typically has an enteric pattern with infiltrat- 
ing glands and reactive stromal desmoplasia. The presence of 
glands with a wreath-like arrangement with central necrosis 
also indicates malignant transformation. In reporting a diag- 
nosis of villous adenoma in biopsy or transurethral resection 
specimens, a note should always be added that the possibility 
of adenocarcinoma can only be excluded by complete resec- 
tion and microscopic evaluation of the entire tumor. 
Papillary urothelial carcinoma with villoglandular differ- 
entiation should also be considered in the differential diag- 
nosis.© These are papillary urothelial carcinomas where the 
covering epithelium includes mucin-secreting cells, often 
with intraepithelial gland formation, mimicking an intestinal- 
type epithelium. This is almost always a partial change with 
other areas of the papillae having more a typical urothelial 
surface. The papillae are branching and irregular in length 
without the tall villous architecture of villous adenoma. 
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Squamous Papilloma 
Clinical Features 


Squamous papilloma is an uncommon lesion in the uri- 
nary bladder.®’ It is more common in women than men 
(female:male ratio of 1.5:1). They can occur over a wide 
age range with a mean age of 62 years (range, 28 to 82 
years). There should not be a history of urogenital condy- 
lomata. They may be asymptomatic or present with hema- 
turia. At cystoscopy, these may appear as erythematous 
areas, plaque-like, or as exophytic papillary lesions. In the 
series reported by Guo et al., one of four patients had a 
history of papillary urothelial neoplasia and subsequently 
developed additional urothelial neoplasms. Cheng et al. 
included two patients with a history of urothelial neoplasia 
in their series of seven cases of squamous papilloma. Cases 
such as these suggest that some squamous papillomas rep- 
resent low-grade papillary urothelial tumors with squamous 
differentiation. 


Pathology 


The lesion is exophytic with true papillary projections cov- 
ered entirely by squamous epithelium (Fig. 6-10). The squa- 
mous epithelium is essentially normal in appearance. There 
is no koilocytotic atypia. These do not contain HPV DNA 
and are diploid.“ There is no overexpression of p53; there is 
expression of epidermal growth factor receptor (EGFR).%® 


Differential Diagnosis 


The differential diagnosis includes verrucous squamous 
hyperplasia, condyloma acuminatum, papillary urothelial neo- 
plasia with squamous differentiation, and well-differentiated 
squamous cell carcinoma. Verrucous squamous hyperpla- 
sia is characterized by keratinizing squamous epithelium 
with hyperkeratosis and a spike-like proliferation rather 
than the well-developed papillae of squamous papilloma.” 


Figure 6-9 W Villous adenoma with associated mucinous 
adenocarcinoma. 


Figure 6-10 Œ Squamous papilloma with fine papillary 
structures covered by keratinizing squamous epithelium. 
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Condyloma acuminatum occurs in patients with genital 
condyloma or in patients who are immunosuppressed.**® 
The lesions tend be more sessile with less well-defined papil- 
lae, thickened epithelium, and koilocytic atypia. The lesions 
contain HPV DNA and many overexpress p53. In papillary 
urothelial neoplasia, there is often a history of prior papillary 
tumors, and the covering epithelium has areas more typical 
of urothelium. In the setting of known urothelial neoplasia, 
the diagnosis of squamous papilloma should be restricted 
to cases where the surface epithelium is uniformly benign 
squamous in type. Squamous cell carcinoma is typically a 
solid, invasive tumor. Infrequently there can be a component 
with papillary architecture, but the covering epithelium is 
neoplastic in nature and even in low-grade tumors would not 
have a benign appearance. 


EPITHELIAL TUMORS—MALIGNANT 


Urothelial Carcinoma 
Epidemiology 


Bladder cancer is estimated to be the ninth most common 
cancer worldwide (an estimated 357,000 cases in 2002) and 
the thirteenth most common cause of death from cancer 
(145,000 deaths in 2002). It is the seventh most common 
malignancy of men and the seventeenth most common tumor 
in women worldwide.” There are significant geographic dif- 
ferences with an approximately 10-fold difference in inci- 
dence and death rates between countries. The highest rates 
of bladder cancer are found in southern European coun- 
tries (Spain, Italy) and Egypt, closely followed by Israel, 
the United States, Denmark, and the United Kingdom. The 
lowest rates are in the Far East, including Japan, China, 
and Korea. The worldwide age-adjusted mortality rates for 
bladder cancer are 2 to 10 per 100,000 for males and 0.5 to 
4 per 100,000 for females.” Overall bladder cancer is approx- 
imately four times more common in men than in women.” 
This has been largely attributed to the higher rate of smoking 
and more frequent occupational exposure to bladder carcino- 
gens in men.” 

In the United States, the most recent data estimate is that 
there will be 72,570 new cases of bladder cancer diagnosed in 
2013, with 54,610 of these in males and 17,960 in females.” 
The estimated number of cancer deaths for 2013 is 15,210 
with 10,820 and 4,390 in males and females, respectively.” 
Bladder cancer is most common in Caucasians (excluding 
Hispanic Caucasians). Despite the lower incidence of blad- 
der cancer in African Americans the mortality rate is sig- 
nificantly higher.” This has been partly attributed to tumors 
being higher stage at diagnosis, but this is not considered to 
completely explain the observed differences.” 

Bladder cancer is generally a disease of older individuals 
with most patients being diagnosed in the seventh decade 
or older. The tumor can occur in younger individuals.” In 
patients under the age of 20 years, the tumors are almost 


all low grade with no high-grade tumors identified in the 
review by Paner et al.” The rate of recurrence in this age 
group is significantly lower (3%) than would be expected for 
papillary tumors with progression being very rare.” 


Etiopathogenesis 


The most important risk factors for the development of 
bladder cancer are tobacco smoke and occupational expo- 
sure to carcinogens (Table 6-3). Tobacco smoke is esti- 
mated to be responsible for 30% to 50% of cases of bladder 
cancer.” Smokers have a two- to six-fold increased risk 
of developing bladder cancer over those who have never 
smoked.’>”” Stopping smoking decreases the risk of bladder 
cancer development, and smoking filtered cigarettes con- 
fers a lower risk than smoking nonfiltered types. Cigarette 
smoke contains numerous carcinogenic compounds includ- 
ing 4-aminophenol (considered the most important), 
B-naphthylamine, benzene, cadmium, chromium, radon, 
vinyl chloride, nickel, and many others.”’ Changes in world- 
wide smoking patterns are reflected in the changing inci- 
dences in bladder cancer. 

Occupational exposure to carcinogens is estimated to 
account for up to 20% of bladder cancer cases.” The best 
documented occupational carcinogens are B-naphthylamine, 
4-aminobiphenyl, and benzidine, most often associated with 
textile dye and rubber industries. With the banning of these 
compounds in Western countries, these no longer account 
for a significant percentage of occupation-related bladder 
cancers. Increased risk for bladder cancer has been reported 
in a wide range of diverse industries with a varying degree 
of evidence. In the Western world, even for those that have 
been most often documented, the relative risks have been 
low, most often in the range of 1.1 to 1.2.” 


Table 6-3 m UROTHELIAL CARCINOMA: 
IMPLICATED CARCINOGENIC AGENTS 


Tobacco (smoking) 
4-Aminophenol 
B-Naphthylamine 
Benzene 
Others 

Occupational 
Benzidine 
B-Naphthylamine 
Chlorinated aliphatic hydrocarbons 
Arylamines 
4-Aminobipheny! 

Others 

Drugs 
Phenacetin 
Cyclophosphamide 

Infectious 
Schistosoma haematobium 

Dietary 
Nitrites (weak evidence) 

Other 
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There have been extensive analyses of the relationship of 
drinking water to bladder cancer. Many of these have focused 
on chlorinated water and the carcinogenic risk of chlorination 
by products such as trihalomethane.”*° In a recent review, 
Wu et al.” concluded that although exposure to chlorinated 
drinking water might increase the risk of bladder cancer, this 
is relatively small. Contamination of drinking water with 
arsenic has been shown to be associated with an increased 
risk of bladder cancer.*! There is a dose/effect relationship, 
and the very low level of arsenic in drinking water in devel- 
oped countries is not considered to be an important carci- 
nogenic factor. Finally there has been interest in the volume 
of fluid intake based on the hypothesis that high volumes of 
liquid would result in dilution of excreted carcinogens and 
thereby reduce carcinogenic risk. To date, studies of this pos- 
sible effect have not yielded consistent results.”! 

Dietary factors have been the subject of intense interest. 
Although studies have not been entirely consistent, the data 
have generally supported a protective effect for high con- 
sumption of fruit and vegetables.***? It has been suggested 
that this is an effect of antioxidants that detoxify excreted 
metabolites. In one meta-analysis, diet low in fruit intake 
was associated with an increased risk of bladder cancer. 
In a prospective analysis of women, however, no association 
between intake of fruits, vegetables, or vitamins was found.* 
In addition, there has been weak evidence linking nitrite and 
meat-associated nitrates with bladder cancer risk.** Studies 
of pesticides have failed to identify a relationship between 
pesticide exposure and bladder cancer.’’ No other dietary 
factors, including artificial sweeteners and coffee, have 
been demonstrated to have a relationship to bladder cancer 
development. 

Infectious agents are an important contributor to bladder 
cancer development. In particular the strong relationship 
between Schistosoma haematobium and the development of 
bladder cancer is well known.***’ This has been most strongly 
related to the development of squamous cell carcinoma,” 
but other histologic types including urothelial carcinoma 
and adenocarcinoma are also more frequent in areas where 
Schistosoma infection is endemic. There is no evidence that 
viral infection plays a role in bladder cancer development.”! 

Hereditary factors are not considered to be a major con- 
tributor to bladder cancer.” There have been a number of 
reports of familial clustering of bladder cancer cases, but 
these have largely been isolated reports. Some of these have 
been associated with an early age of bladder cancer devel- 
opment supporting a significant hereditary component.” 
The reported higher risk in first-degree relatives of blad- 
der cancer patients also suggests a hereditary component, 
but the importance relative to other environmental factors 
is unclear.*>** Urothelial cancers have been found in certain 
hereditary syndromes such as Costello syndrome,” Lynch 
syndrome,” and the Muir-Torre syndrome.” 

Bladder cancer risk has also been associated with a num- 
ber of other factors including drug exposure (cyclophos- 
phamide, phenacetin)’ and radiation therapy.’ Despite 
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considerable interest, exposure to hair dyes has now largely 
been eliminated as a risk factor.” Other causes of long- 
standing irritation of the bladder mucosa such as chronic 
urinary tract infections, lithiasis, and nonfunctioning blad- 
ders of any cause have been linked to the development of 
bladder cancer. 


Genetics 


Studies of the genetics of urothelial carcinoma have led to 
the development of a model of tumorigenesis that includes 
distinct pathways for papillary and nonpapillary neoplasia 
(Fig. 6-11). Both pathways can result in the development of 
invasive high-grade urothelial carcinoma that has the capac- 
ity to metastasize and result in the death of the patient. In this 
section, these pathways and the relevant genetic changes are 
briefly reviewed.'°'™ 

The major genes implicated in the transformation of nor- 
mal urothelium into low-grade papillary neoplasia include 
H-Ras, FGFR3, PI3K, and 9p deletion. Abnormalities in 
the H-Ras gene are most often the result of mutations, in 
particular those involving codon 12.!% These are activating 
mutations and are found in approximately 15% of noninva- 
sive papillary tumors. Mutations in the fibroblast growth fac- 
tor receptor-3 (FGF R3) gene are present in 60% to 80% of 
low-grade noninvasive papillary tumors.**!°°'°° The rate is 
much lower in high-grade invasive carcinomas and in uro- 
thelial CIS.” It has been reported that the absence of FGF'R3 
gene mutations is a predictor of a higher likelihood of pro- 
gression.**'°” Since the FGFR3 and H-Ras genes are in the 
same pathway, they are considered to be mutually exclusive 
events in bladder cancer.'°’ Mutations in the P/3-kinase gene 
(PIK3CA) have been described in a subset of approximately 
15% of low-grade papillary tumors with the highest fre- 
quency in papillary neoplasms of low malignant potential.'” 
Some tumors harbor more than one of these genetic abnor- 
malities, and it has been suggested that tumors with multiple 
abnormalities are associated with progression to high-grade 
tumors.!° 

Loss of heterozygosity studies have demonstrated 
abnormalities in both 9p and 9q in over 50% of bladder 
tumors.'° In many tumors, there is loss of an entire copy 
of the chromosome. Implicated in the 9p abnormalities are 
the CDKN2A and CDKN2B genes, the former coding for the 
pl6 protein.''® Loss of heterozygosity studies has demon- 
strated abnormality of the CDKN2A gene in up to 60% of 
papillary tumors.''’ Mutations in the INK4 gene and dele- 
tions of 9q (including the PTCH, DBC1, and TSC1 genes) 
are frequently present in high-grade papillary tumors and are 
believed to be important in the progression of low- to high- 
grade papillary tumors.''*'' Inactivating mutations of the 
TSC1 gene have been found in approximately 10% of blad- 
der tumors.''* Mutations of the PTCH gene are infrequent. 

A second pathway in the development of invasive car- 
cinoma is through urothelial CIS. The major genes impli- 
cated in this pathway are the tumor suppressor genes 
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NORMAL UROTHELIUM 


PAPILLARY PATHWAY 


PUNLMP (Ta) 
FGFR3 Mutations in ~85% 


LOW GRADE PAPILLARY (Ta) 
FGFR3 Mutations in ~75% 


LOW GRADE DYSPLASIA 
(incipient papillary neoplasia) 


FGFR3 Mutated 


FLAT (CIS) PATHWAY 


it 
Wild-type FGFR3 
if 


CARCINOMA IN SITU 


p53 Mutations in ~80% with 
Wild-type FGFR3 


Other Chromosomal 
Changes 


-9 9p- 


HIGH GRADE PAPILLARY (Ta) + CIS 
FGFR3 Mutations in ~30% + p53 Mutations 


Other Chromosomal 
Changes 


5p+ 5q- +6p22.3 8p- 8q+ — 


PAPILLARY CARCINOMA (T1) +/- CIS 


FGFR3 Mutations in ~30% +/- p53 
mutations 


Other Chromosomal 
Changes 


9 9p- +10p15.1 13q- 17p— 


SOLID CARCINOMA (T1) + CIS 


p53 Mutations with 
Wild-type FGFR3 


9p- del9p21.3 11q- 


+11q13.3 -11p -17p PAPILLARY CARCINOMA (2T2) 


FGFR3 Mutations in ~30% +/- p53 
mutations 


SOLID CARCINOMA (2T2) 
p53 Mutations Wild-type FGFR3 


Other chromosomal changes 


1q+ 2q- 8p1 8p12+/— 8q+ 10q—-11p 13q-/+17q+ 18q- +19 +20q 


Figure 6-11 W Pathways for the development of urothelial tumors. 


TP53, retinoblastoma (RB), and PTEN. Both the RB and 
TP53 genes have generated intense interest in bladder can- 
cer. RB gene deletions are common in high-grade bladder 
tumors and have been associated with an aggressive clini- 
cal course.'! The absence of RB protein or inactivation of 
RB protein affects multiple critical pathways including the 
E2F family of transcription factors. As in the case of RB, 
the importance of the 7P53 tumor suppressor gene has 
been extensively studied in bladder cancer. TP53 mutations 
are present in up to 70% of urothelial carcinomas and are 
related to high-grade and high-stage disease and also to poor 
clinical outcome.''® Studies related to loss of chromosome 
9 in CIS have had variable results'”; in one report chromo- 
some 9 loss was significantly higher in primary CIS than in 
CIS associated with papillary tumors." The 7P53 mutation 
analysis demonstrated a similar relationship suggesting that 
these might represent two different types of CIS.'° FGFR3 
mutations are not present in primary CIS and are infrequent 
in CIS associated with papillary tumors.'°%''® 


Clinical Features 


The single most frequent presenting symptom of blad- 
der cancer is painless hematuria, present in around 85% of 
patients. When microscopic hematuria is included, almost 
all patients have some degree of hematuria. Hematuria can, 
however, be intermittent, and so a negative examination of 
the urine for hematuria does not exclude a bladder tumor. In 
general, most urologists recommend cystoscopy for even a 
single episode of unexplained hematuria for patients in the 
right age group for bladder cancer. The latter would include 
any patient over the age of 60 years or younger patients with 
a history of smoking or exposure to other significant risk 
factors. 

The second most common presentation is with a group 
of symptoms that includes urinary frequency, urgency, and 
irritative voiding symptoms. This group of symptoms is 
often indicative of an invasive carcinoma or diffuse CIS. 
Less frequent presentations include those related to ureteral 
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obstruction, a pelvic mass, or obstruction of pelvic lym- 
phatics. Least common are presentation as a metastasis of 
unknown origin or general cancer cachexia. 


Diagnosis 


Urine Markers 

Ultimately the diagnosis of bladder cancer relies on direct 
visualization of the lesion with tissue diagnosis. Prior to 
tissue diagnosis, there is reliance on a series of markers 
evaluable in urine specimens and the use of cytology for the 
identification of malignant cells (Table 6-4). 

The current practice of urology includes numerous tools 
for the diagnosis of bladder neoplasia through application 
to urine specimens. Some of these depend on bladder tumor 
antigens (BTA) and others on determination of gene expres- 
sion or gene copy number. Interested readers are referred to 
more comprehensive reviews of these tests. 11417 The role 
of these tests is an area of active discussion and debate in 
terms of both effectiveness and cost. "5-14 

Among the more commonly utilized tests are the BTA- 
Stat and BTA-TRAK tests that are both FDA-approved for 
surveillance. These detect the presence of complement factor 
H-related protein by immunoassay and a standard enzyme- 
linked immunosorbent assay (ELISA) method, respectively. 
These have overall sensitivities in the 17% to 89% range and 
specificities in the 50% to 86% range.'**'” The sensitivity 
is related to tumor grade, stage, and size. Although overall 
sensitivity is slightly better than cytology,'”* the frequency of 
false-positive tests is a significant problem and has limited 
the value of these tests. "7 

Another popular test is NMP22, which is also FDA 
approved, and based on the detection of nuclear matrix pro- 
teins. Nuclear matrix protein 22 is a regulator of mitosis that 
is increased up to 25-fold in carcinoma cells compared to 
normal urothelial cells. The first NMP22 test utilized a quan- 
titative sandwich ELISA method; the current BladderChek 
test is a point of care test that utilizes monoclonal antibodies. 
This test has reported sensitivity in the 47% to 70% range 


Table 6-4 m URINE-BASED MARKERS FOR 
BLADDER CANCER 


Mucin-like proteins and CEA (ImmunoCyt)"? 

Nuclear matrix protein 22 (NMP22)'20121 

Other nuclear matrix proteins (BLCA-4) 122 

Complement factor H-related protein 
(BTA-stat, BTA-TRAK) 125.124 

Hyaluronic acid and hyaluronidase (HA-ase)'75 

Cytokeratins (CYFRA 21-1)'26'27 

Survivin'28 129 

Telomerase!?“'5° 

Fibroblast growth factor receptor3"*' 

Vascular endothelial growth factor!?7132 

DNA ploidy"? 

Microsatellites'* 

Chromosomal abnormalities (UroVysion)'%5'°6 
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with specificities in the 40% to 87% range depending on 
the clinical setting.'**!%7'” In most studies, it has fared bet- 
ter than cytology in terms of sensitivity but lacks the same 
degree of specificity. 

Several other soluble and other urine markers that have 
been evaluated include BLCA-1, BLCA-4, HA-HAse, cyto- 
keratins, telomerase, and survivin.!*+'°7'43 Although some 
of these appear quite promising at the time of this writing 
(HA-HAse, survivin), their eventual usefulness remains 
uncertain. 

The ImmunoCyt/uCyt tests are FDA-approved and are 
dependent on detection of fluorescein-labeled antibodies 
to three proteins, M344, LDQ10, and 19A211. The M344 
and LDQ10 antibodies detect mucin-like antigens present in 
approximately 70% of pTa and pT1 urothelial carcinomas.'* 
The 19A211 antibody detects a high molecular weight form 
of CEA expressed in approximately 90% of pTa and pT1 
tumors.'*° The test has been promulgated as an adjunct to 
urine cytology and is generally performed by personnel in the 
cytology department. Sensitivity has averaged 90% (range of 
57% to 100%) and specificity 74% (range of 64% to 95%).!*4 
The major roles for the test have been in the detection of 
upper tract tumors, in the identification of high-grade lesions 
not visualized at cystoscopy, and in detecting recurrences." 
The test is limited by the need for performance in a spe- 
cialized laboratory with specialized equipment and a high 
degree of expertise. FDA approval is only for use in conjunc- 
tion with cytology. 

UroVysion is an FDA-approved test that has also 
enjoyed widespread application. Initial FDA approval was 
for monitoring patients with bladder cancer for recur- 
rence and later for diagnosis of patients with hematuria 
suspected of having bladder cancer. This test uses fluo- 
rescence in situ hybridization to evaluate exfoliated cells 
in the urine for aneuploidy of chromosomes 3, 7, and 17 
as well as loss of 9p21. Use of multiple markers is aimed 
at improving sensitivity. Studies on paraffin-embedded 
tissue specimens have reported the detection of abnor- 
malities in 93% of dysplasias, 91% of CIS, and 100% of 
invasive carcinomas.'*° In the same study, 17% of normal 
urothelial samples, hyperplasia, and reactive atypia also 
resulted in abnormal findings.'* In urine specimens, sen- 
sitivity has ranged from 39% to 97% (average 74%) with 
low sensitivity in low-grade tumors. "4+!5147 The specificity 
has been high with reported results in the 89% to 100% 
range. '74!9.|48 For high-grade tumors and CIS, the sensitiv- 
ity has been in the 83% to 97% range with a high degree 
of specificity (89% to 96%). In the majority of studies, in 
all clinical settings, FISH tests have outperformed cytol- 
ogy.'*° The suggested value for this test has been in the set- 
ting of the workup of hematuria,'** detection of upper tract 
tumors, detection of tumor recurrences," and in cases of 
atypical urine cytology specimens.’ '*! A limiting factor 
of this test has remained its requirement for specialized 
equipment, labor intensiveness requiring a high degree of 
expertise, and the high cost." 
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Cytology 

Urine cytology has played a major role in the diagnosis and 
monitoring of bladder carcinoma for many years. With the 
increasing availability of a wide variety of alternative urine- 
based tests, the role of cytology as the gold standard is being 
challenged. Specimens available for evaluation include 
voided urine, urine obtained by catheter, urine obtained at 
cystoscopy, and bladder washings. Each of these has its own 
advantages and disadvantages. 

The value of urine cytology is dependent on the specific 
situation in which it is being applied. It is particularly valu- 
able in the diagnosis and monitoring of high-grade tumors. 
Although published data on sensitivity and specificity are 
highly variable, it is reasonable to say that urine cytology has 
moderate to high sensitivity for the detection of high-grade 
tumors and is highly specific. On the other hand, urine cytol- 
ogy is much less useful in the setting of low-grade disease. 
Here the sensitivity is much lower although the specificity is 
largely retained. From a clinical standpoint, this weakness 
is not a substantive issue as low-grade tumors are not life 
threatening and there is little if any value in detecting them 
before they are visible to the urologist. 

One other limitation of urine cytology is the inability 
to identify the source of the malignant cells when present. 
Tumors in the upper urinary tracts and the urethra will shed 
cells into the urine. In patients without visible lesions in the 
urethra or urinary bladder, selective sampling from the upper 
tracts is used in an effort to localize the origin of the malig- 
nant cells. 


Cystoscopy 


Cystourethroscopy is the mainstay of bladder cancer diagno- 
sis and for some tumors, treatment.'*? Advances in the optical 
technology used have resulted in significant improvement in 
the diagnosis of bladder neoplasia.'* Both rigid and flexible 
instruments have advantages and disadvantages. The major 
advantages of the rigid cystourethroscope are the superior 
optics; the larger working channel that allows for use of a 
wider range of accessory instruments and increased water 
flow, improving visualization; and the ease of manipulation. 
Flexible cystourethroscopes provide greater patient comfort, 
more flexibility in patient positioning, and ability to inspect 
the bladder surface from more angles.'** The procedure can 
be performed in the office setting or in endoscopic suites 
depending somewhat on the indication. In the outpatient set- 
ting, the procedure is well tolerated and does allow for the 
performance of biopsies and fulguration of small recurrent 
tumors.'*> Intraurethral and intravesical topical anesthesia 
are sufficient for control of discomfort. 

The procedure allows for direct visualization of the blad- 
der mucosa, collection of cytologic specimens, and biopsy 
of any abnormalities. In the evaluation of hematuria, if the 
source is in the urinary bladder it can usually be detected 
or if it is coming from the upper tracts, that can also often 
be determined. The published sensitivity and specificity for 


detecting urothelial tumors have shown considerable varia- 
tion and depend on the indication. For follow-up of patients 
with known papillary neoplasia, sensitivity and specificity 
are generally in the 85% to 95% and 90% to 100% range, 
respectively. The sensitivity is greater for papillary than for 
flat lesions. Because of the latter, routine biopsy of normal- 
appearing mucosa has been advocated in order to enhance 
the detection of CIS.'°*'5’ In more contemporary studies, 
a low yield has been reported for such biopsies.'°* Recent 
advances in the application of photodynamic diagnosis that 
significantly improve the detection of CIS will also impact 
the routine performance of random biopsies.'*? Experienced 
urologists have a high degree of reliability in predicting the 
pathologic features of papillary tumors based on the cystos- 
copy findings.!°’ Evaluation of the upper tracts is also possi- 
ble through this procedure by the performance of retrograde 
pyelography, selective sampling of material from the upper 
tracts for cytologic examination, and direct visualization by 
ureteroscopy. 

There have also been advances in the type of light source 
utilized to evaluate the bladder mucosa. White light cystoscopy 
has been the standard and remains most widely used. The use 
of fluorescein labeling with 5-aminolevulinic acid and hexam- 
inolevulinic acid has been extensively studied and in general 
has resulted in significantly improved detection of CIS.'® The 
sensitivity for the identification of CIS increases from 56%- 
68% to 92%-97%,.'*! The diagnosis of papillary lesions is also 
improved.'” Studies have also demonstrated an improvement 
in the transurethral resection of visible tumors with a decrease 
in residual tumor from 25%-53% to 5%-33%.' 

This method does, however, yield a high rate of false- 
positive findings, particularly in the presence of inflamma- 
tion.'*3'° This limits the value of this technique following 
BCG therapy. 

More recently narrow band imaging cystoscopy has 
been evaluated as potentially being superior in the detection 
of bladder tumors.'*'!° Results have been variable, and it 
remains to be determined whether this or other alternatives 
being tested will ultimately change the standard use of white 
light. The application of real-time Raman spectroscopy 
and optical coherence tomography to enhance the predic- 
tion of tissue diagnosis are under investigation and appears 
promising.'* 


Biopsy and Transurethral Resection 


Methods for sampling of bladder lesions include hot and 
cold cup biopsy, strip biopsy, and transurethral resection. 
Evaluation of flat lesions largely relies on the hot and cold 
cup biopsy methods. The cold cup biopsy does not use elec- 
trocautery, and so, thermal tissue artifacts are avoided.'® 
Transurethral resection of lesions in the bladder is per- 
formed to (i) remove the entire visible abnormality as both 
a diagnostic and therapeutic procedure, (ii) obtain a larger 
sample of a lesion than is possible by a biopsy technique, 
and (iii) obtain tissue deeper to the lesion to allow for staging 
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of the tumor. The general approach to resection of a tumor 
(TURBT, transurethral resection of bladder tumor) is to 
first remove the bulk or entirety of the tumor and second to 
sample the base of the tumor. These may be submitted as a 
single specimen or as two separately designated specimens. 
In situations where the complete resection of the lesion is not 
possible or not indicated, the urologist should be removing 
sufficient tissue for accurate diagnosis and staging (mean- 
ing evaluation of the muscularis propria). The procedure 
is usually performed with an instrument that cauterizes 
the remaining surface as the tissue fragments are removed. 
Depending on instrument settings, this can result in a con- 
siderable degree of artifact that can hamper interpretation of 
tissue specimens removed. The degree of tissue artifact is 
not related to the use of unipolar or bipolar energy.'® 


Pathology 


Flat Lesions 
As discussed above, both our genetic understanding of uro- 
thelial carcinoma and the clinical behavior and treatment of 
these tumors have led to a general classification of urothelial 
carcinoma into flat and papillary lesions. Flat lesions refer 
to neoplastic transformation of the urothelium that is not 
associated with the formation of papillary structures. The 
following sections discuss the two categories of noninvasive 
neoplastic change of the urothelium, urothelial dysplasia and 
urothelial CIS. In the past, there have been many proposed 
classifications of flat lesions that have included multiple cat- 
egories such as low-grade dysplasia, moderate dysplasia, 
severe dysplasia, and CIS as distinct categories. Studies of 
reproducibility have demonstrated the poor performance 
of pathologists in applying these types of schemes.'*!'® 
Stratification into a three-tier system (benign, dysplasia, 
CIS) enhances overall reproducibility particularly in the 
CIS category; the diagnosis of dysplasia, however, remains 
problematic.'® Changes in the management of patients with 
flat lesions have also impacted on the value of stratification 
of flat lesions into multiple tiers. With the 1998 and 2004 
WHO/ISUP classifications, the category of neoplastic flat 
lesions has been simplified into a two-tier system of low- 
grade (dysplasia) and high-grade lesions (CIS).*4 

The current classification of flat urothelial lesions also 
includes nonneoplastic categories of urothelial hyperplasia, 
reactive urothelial atypia, and a category for lesions that 
cannot be placed into a neoplastic or nonneoplastic category 
with certainty (atypia of unknown significance). Detailed 
discussions of specific patterns of urothelial atypia are pre- 
sented in Chapter 5 and will not be repeated here. Rather, 
a brief review of salient morphologic features important in 
the distinction from urothelial dysplasia and urothelial CIS 
is presented. 


Urothelial Hyperplasia 

Historically, the term “hyperplasia” has been equated with 
counting cell layers and specifically considering the epi- 
thelium to be hyperplastic if there were more than seven 
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cell layers. It is well recognized that the apparent num- 
ber of cell layers in the normal urothelium is variable 
and dependent on the state of contraction of the bladder 
wall. Reactive hyperplasia can result from a wide range 
of causes of bladder irritation. It can also be present in the 
setting of known urothelial neoplasia including both flat 
and papillary lesions. There is no evidence to suggest that 
flat urothelial hyperplasia is a preneoplastic process when 
diagnosed in isolation of bladder neoplasia. In patients 
with known papillary tumors, there have been some data 
to indicate that flat hyperplasia in this setting contains 
genetic abnormalities, indicating that this may be an early 
manifestation of low-grade papillary neoplasia.'!” In this 
study, chromosome 9 abnormalities similar to those in the 
associated papillary tumor were present in 70% of biopsies 
with flat hyperplasia and in 50% with histologically normal 
urothelium.'” The presence of FGFR3 mutations has also 
been demonstrated in urothelial hyperplasia in the setting 
of papillary neoplasia.'”! These data indicate that urothelial 
hyperplasia may be an early manifestation of low-grade 
papillary neoplasms. 

The current classification recognizes hyperplasia when 
there is a “markedly thickened mucosa without atypia.” 
Counting cell layers is not recommended. The urothelium 
retains a normal architecture with the epithelial cells hav- 
ing elongated nuclei oriented perpendicular to the basement 
membrane (Fig. 6-12). The umbrella cell layer is present. The 
nuclei may be slightly enlarged but otherwise are cytologi- 
cally normal with nuclear grooves preserved. Mitoses can be 
found but are largely restricted to the basal layer (Table 6-5). 
Hyperplasia can have a pseudopapillary architecture with 
some tenting of the mucosa, but these areas lack the forma- 
tion of a true central fibrovascular core. 


Reactive Urothelial Atypia 
In the presence of acute and/or chronic inflammation, the 
urothelium shows a wide range of reactive changes. There 


lium lacking any architectural or cytologic atypia. 
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Figure 6-13 E Reactive urothelial atypia with thickened epi- 
thelium, no architectural atypia, and mildly enlarged nuclei, many 
containing small nucleoli. 


is usually a history of instrumentation, infection, lithia- 
sis, or some other cause of irritation. Urothelial atypia 
can also result from treatment with intravesical agents 
(thiotepa, mitomycin-C, BCG), systemic chemotherapeu- 
tic drugs (cyclophosphamide), or radiation therapy. Some 
patterns of atypia are associated with specific etiologies (see 
Chapter 5).'” Available data in the literature indicate that 
reactive atypia is not associated with the subsequent devel- 
opment of urothelial carcinoma. !” 

In reactive atypia, the epithelium may or may not be thick- 
ened. Although a thickened epithelium is typically associated 
with a reactive process, CIS can also produce a thicker than 
normal epithelium. Nuclei are uniformly enlarged, vesicular, 
and may have a prominent usually centrally located nucleo- 
lus (Fig. 6-13). The degree of enlargement is, however, sig- 
nificantly less than is typical of CIS (Table 6-5). The nuclei 
often have a round shape. Mitoses can be frequent and are 


located in the lower epithelial layers. The normal architec- 
ture is largely preserved though there may be some varia- 
tion in nuclear orientation. The orientation can also be made 
unclear by the rounding of the nuclei resulting in no obvi- 
ous perpendicular orientation to the basement membrane. 
The cytoplasm can be normal in appearance or have either 
increased eosinophilia or basophilia. Cytoplasmic clearing 
or vacuolization can be a feature (Table 6-5). Inflammation 
is almost always present and often obscures the epithelial 
stromal interface. Intraepithelial inflammatory cells are a 
feature of reactive atypia and are infrequently found in uro- 
thelial CIS. 


Atypia of Unknown Significance 

One of the gray zones in any consideration of intraepithe- 
lial lesions is between reactive atypia and true neoplastic 
(dysplastic) alterations. Reproducibility studies have clearly 
demonstrated the lack of consistency in this particular area. 
This category was created to include those instances where 
a lesion cannot be confidently placed in the reactive versus 
dysplastic categories.* 

Histologically, there is usually an inflammatory back- 
ground. The degree of cytologic atypia is judged to be out- 
side of the accepted range for reactive processes although 
this possibility cannot be excluded. Re-evaluation after 
inflammation subsides may resolve the problem, particularly 
in the follow-up of patients with known urothelial neoplasia 
who have been treated with intravesical therapy. In one study, 
none of the 35 patients diagnosed with atypia of unknown 
significance developed urothelial neoplasia with a median 
3.5 years of follow-up.'” 


Urothelial Dysplasia (Low-grade Intraurothelial 
Neoplasia) 

This category also suffers from a significant problem in diag- 
nostic reproducibility.'*'® Previous classification schemes 
have included grading systems for urothelial dysplasia, but 
the current approach is to place neoplastic intraepithelial 


Table 6-5 m MORPHOLOGIC FEATURES OF FLAT LESIONS 


Feature Hyperplasia Reactive Atypia Dysplasia Carcinoma In Situ 
Thickness Thickened Variable Variable Variable 
Architecture Normal Normal Mildly abnormal Disorganized 
Pagetoid spread No No No Yes 
Denudation No Variable Variable Commonly present 
Nuclear size Normal or slight Normal or slight Enlarged Markedly enlarged 
enlargement enlargement 
Nuclear shape Regular Regular or rounded Slight irregularities Pleomorphic 
Nuclear membrane Smooth Smooth Some Irregular with 
irregularities—notching thickening 
Chromatin Fine Fine Variable hyperchromasia Hyperchromatic 
Nucleoli Inconspicuous Large Small or inconspicuous Large, may be multiple 
Mitoses Infrequent May be common—basal Infrequent Frequent including 
location abnormal forms 
Cytoplasm Uniform Uniform or vacuolated Uniform Uniform 
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lesions into only two categories: urothelial dysplasia and 
urothelial CIS. Urothelial dysplasia has been divided into 
primary dysplasia for when the lesion is diagnosed de novo 
and secondary dysplasia when it is found in the setting of 
known urothelial neoplasia." There is evidence, largely 
genetic, that it shares some abnormalities with CIS and 
therefore likely represents a precursor lesion." 

The natural history of lesions with dysplastic features 
of a lesser degree than the moderate to severe categories is 
unknown.'” Given the difficulties with reproducibility of 
the diagnosis and changes in the reporting of these lesions 
over the past several decades, it is difficult to interpret the 
published data regarding the natural history of this lesion. 
It is most often diagnosed in the context of known urothe- 
lial neoplasia. In the latter group, urothelial dysplasia can be 
identified in the flat epithelium of 22% to almost 100% of 
cases.'’”"'8° Studies that have applied the 1998 WHO/ISUP 
criteria for primary dysplasia have indicated a 15% to 19% 
risk of developing cancer with a mean follow-up of 4.9 to 
8.2 years.!7318! 

The limitations of diagnostic criteria and reproducibil- 
ity also make it difficult to interpret published data on the 
genetics of urothelial dysplasia. Aberrant expression of 
cytokeratin 20 in the midlayers of the urothelium has been 
described.'**"'*4 Studies have also described overexpression 
of p53 protein and increased proliferation as indicated by 
the expression of Ki67.'*? Loss of CD44 expression occurs 
in dysplasia.'** Studies utilizing loss of heterozygosity have 
demonstrated abnormalities of chromosome 9 in these 
lesions.'® These findings have supported the hypothesis that 
urothelial dysplasia is related to CIS and does represent a 
neoplastic process. 

Histologically, the epithelium is of variable thickness, but 
most often it is within the normal range. The nuclei are irreg- 
ularly enlarged and tend to be more oval or rounded than 
normal. In general, the degree of enlargement is significantly 
less than in CIS. There is some degree of disruption of the 
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normal architecture with variable degrees of loss of polar- 
ity and focal nuclear crowding (Fig. 6-14). There is mild 
nuclear hyperchromasia and pleomorphism but not to the 
degree seen in CIS. The nuclear membranes are irregularly 
thickened and notching and sharp angulation can be present. 
Nucleoli when present are small and inconspicuous. Mitoses 
can be present but are few and limited to the lower epithelial 
layers. Cytoplasmic changes may be present with increased 
eosinophilia. Overall, the features are those of a neoplastic 
atypia but fall short of the criteria for CIS outlined below. 
Denudation can be present but is much less frequent than 
in CIS. 

In some instances, the features resemble those of the 
urothelium present in low-grade papillary carcinoma. In the 
setting of papillary neoplasia, this may represent the earli- 
est indication of the development of new papillary tumors 
(Fig. 6-15).'8° 


Carcinoma In Situ (High-grade Intraurothelial 
Neoplasia) 

The current classification recognized the need to expand the 
category of CIS to include lesions that had been graded in 
the moderate to severe dysplasia categories in previous sys- 
tems. This change reflects current practice in major institu- 
tions treating bladder cancer. It also recognizes the general 
trend for underdiagnosis of higher-grade lesions.'* There is 
further recognition that this is the most reproducible diag- 
nostic category.''® CIS is accepted as a precursor of inva- 
sive carcinoma. 

CIS is most often seen in association with high-grade 
papillary or invasive urothelial carcinoma. De novo CIS 
accounts for only 1% to 3% of newly diagnosed cases of 
bladder cancer.'**'* These patients are at significant risk for 
the development of invasive carcinoma. In contemporary 
series progression to invasive carcinoma occurs in up to 25% 
of patients and the cancer-specific survival is in the 75% to 
85% range with long-term follow-up.'**"'! The presence of 


6-14 E Urothelial dysplasia with flat epithelium 
showing a mild degree of architectural and cytologic atypia. 


FIGURE 


Figure 6-15 W Urothelial dysplasia with slight tenting of the 
surface. 
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Figure 6-16 W Gross appearance of CIS localized to area around an invasive carcinoma (A) and more diffusely involving the 


mucosa (B). 


CIS of the bladder in patients with other urothelial tumors 
is also important.'” The risk of having CIS in the upper 
tract is three- to four-fold higher and in the prostatic ure- 
thra is seven-fold higher than when a bladder tumor does 
not have associated CIS.!°?!™ For patients with noninvasive 
papillary tumors, the presence of CIS is associated with a 
higher risk of recurrence and progression.'*> In cases with 
lamina propria invasion (T1), the presence of CIS also indi- 
cates an increased risk of progression to muscle-invasive 
disease and has been used as one of the indications for early 
cystectomy. 1°51% 

Grossly, CIS most often appears as an erythematous area 
(Fig. 6-16). This can be focal, multifocal, or diffuse. In some 
cases, the mucosa has a velvety or granular character. 

The histologic diagnosis of CIS fundamentally 
requires the recognition of cytologically malignant cells. 
A variety of descriptive terms have been applied to CIS 
(Table 6-6).1517%176197 These are helpful in highlighting the 
morphologic variability of the lesion but have no clini- 
cal significance. Histologically, CIS is characterized by 


Table 6-6 m MORPHOLOGIC PATTERNS OF 
UROTHELIAL CIS 


Small cell 

Large cell 

Denuding (denuding cystitis) 
Pagetoid 

Undermining 

CIS with glandular differentiation 
CIS with squamous differentiation 


architectural disorder with haphazard orientation of nuclei 
and nuclear crowding and clustering (Fig. 6-17). There is 
nuclear pleomorphism with significant nuclear enlarge- 
ment, hyperchromasia, and single to multiple nucleoli. 
The atypical cells need not involve the full thickness of 
the epithelium, and at the minimum single malignant cells 
growing in a pagetoid fashion are sufficient for the diag- 
nosis (Fig. 6-18). Individual cells tend to show marked 
cytologic atypia but an increased nuclear-to-cytoplasmic 
ratio is not a prerequisite (not present in the large cell type 
of CIS). 

In the large cell patterns of CIS, the malignant cells have 
moderate to abundant cytoplasm that often has increased 
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Figure 6-17 W Urothelial CIS with haphazardly arranged 
cells with significant nuclear pleomorphism. 
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Figure 6-18 WŒ Urothelial CIS showing pagetoid spread into 
von Brunn nests. 


eosinophilia (Fig. 6-19). These cells can have relatively 
uniform but markedly enlarged hyperchromatic nuclei or 
nuclei with a high degree of pleomorphism. The small cell 
pattern gets its name because the cells have scant cyto- 
plasm that is often basophilic. This gives a similar impres- 
sion to small cell carcinoma, but the nuclei are actually 
enlarged and typically have severe hyperchromasia. This is 
not considered to be related to small cell neuroendocrine 
carcinoma. Tumor cells in CIS are often discohesive, and 
in some cases, only a few isolated cells are present cling- 
ing to the basement membrane (denuding or clinging CIS) 
(Fig. 6-20). It has been suggested that this is related to 
loss of the normal polarity of MUC-1 expression.'** The 
nuclei in these cases are often intensely hyperchromatic, 
and it is not possible to appreciate the chromatin pattern. 
In other cases, the surface may be completed denuded with 
the CIS present in von Brunn nests only (Fig. 6-21). This 
pattern should not be overdiagnosed as invasive carcinoma 


Figure 6-19 W Urothelial CIS with cells having abundant 
eosinophilic cytoplasm. 
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Figure 6-20 W Urothelial CIS with a denuding pattern. 


(Fig. 6-22). There is a propensity for the malignant cells 
to invade the adjacent normal urothelium. This can take 
the form of single malignant cells resulting in a pagetoid 
pattern. In other cases the malignant cells burrow beneath 
and lift up the adjacent benign urothelium. Less frequently 
the malignant cells will spread within the upper level of 
the adjacent urothelium. Squamous and glandular differen- 
tiation can be seen in CIS (Fig. 6-23).!°° When glandular 
differentiation is present, the term adenocarcinoma in situ 
should not be used as this implies a precursor lesion of pri- 
mary adenocarcinoma (see section on adenocarcinoma). 


Cytologic Features 

Urothelial CIS is a high-grade lesion, and urine cytology is 
highly sensitive for its detection. The lesion is characterized 
by discohesive cells, and so the tumor cells are often shed 
singly in the urine (Fig. 6-24). In specimens obtained at cys- 
toscopy, more intact fragments of the epithelium are present. 


and lifting the overlying benign urothelium. 
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FIGURE 6- 22 E Urothelial CIS extending i into ai expanding 
von Brunn’s nests simulating an invasive tumor. There is a small 
focus of early invasion in the upper right. 


The cells typically are enlarged and have large hyperchro- 
matic nuclei with scant cytoplasm. The nuclear outlines are 
irregular, and nucleoli are prominent. As described above, 
there are several histologic patterns to CIS, and in some, the 
cells can have more abundant cytoplasm. This can result in 
the malignant cells having an appearance resembling squa- 
mous cell carcinoma. It is not possible to distinguish CIS 
reliably from invasive carcinoma. The presence of necro- 
sis and tissue debris would indicate that invasion is likely 
present. 


Immunohistochemistry in Flat Lesions 

A variety of immunohistochemical markers have been studied 
as adjuncts to the diagnosis of flat lesions. The first marker 
used was cytokeratin 20.'* In normal or reactive urothelium, 
cytokeratin 20 expression is limited to the umbrella cell layer 
whereas there is diffuse reactivity for cytokeratin 20 through- 
out the full thickness of the urothelium in the majority but not 


Ficure 6- 23 E Urothelial CIS with cells ee fastens 
nuclei mimicking adenocarcinoma in situ. 
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Figure 6-24 W Urothelial CIS in a bladder wash specimen 
with discohesive individual malignant cells. 


all cases of CIS (Fig. 6-25A and B).!8%!84200 In normal or reac- 
tive urothelium p53, protein is generally expressed by only a 
few cells and with weak intensity.'** In some cases, however, 
50% or more of the nuclei show variably intense immunore- 
activity. Most cases of CIS show diffuse and intense nuclear 
expression of p53 (Fig. 6-25C).!*!8420! However, not all cases 
of CIS are p53 positive, and so absence of staining for p53 
does not exclude a diagnosis of CIS. Cellular proliferation is 
significantly higher in CIS than in reactive atypia, and so, Ki67 
has been used in this distinction.'*+? There is, however, suf- 
ficient overlap in Ki67 scores between CIS and reactive atypia 
to make this a difficult feature to use in individual cases.?” 
CD44 is expressed in the basal cells of normal urothelium and 
shows more diffuse expression throughout all layers in hyper- 
plasia and reactive atypia. In contrast, there is loss of expres- 
sion of CD44 in dysplasia and CIS.'** Other markers that have 
been applied to this challenge include p16 and E-cadherin, but 
there is less experience with these, making their routine use 
of limited value.?°?° In one study, E-cadherin showed more 
diffuse and intense immunoreactivity in CIS than in normal 
epithelium!” while in another loss of E-cadherin staining was 
observed in 32% of cases.” The RNA-binding protein IMP3 
has been found to be expressed in 48% of cases of CIS com- 
pared to 13% in reactive atypia in one study.” 

Because of the variability in results for individual mar 
kers, it has been recommended that a panel of three markers 
(cytokeratin 20, p53, and CD44) be applied (i) where the 
diagnosis of CIS is strongly favored on routine stains but 
the pathologist is hesitant to make a definitive diagnosis, (ii) 
when making a diagnosis of de novo CIS in patients with- 
out a history of urothelial neoplasia, and (iii) in cases with 
unusual morphologic patterns of CIS.!” 

Fluorescence in situ hybridization has also been proposed 
as an adjunct to histologic evaluation of flat lesions.'*° Over 
90% of cases of dysplasia and CIS contain polysomies com- 
pared with 36% in hyperplasia, 26% in reactive atypia, and 
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30% in normal epithelium. The high frequency of abnormal- 
ities in histologically benign urothelium limits the applica- 
tion of this approach. 


Papillary Tumors 


In the majority of cases the diagnosis of a lesion as being 
“papillary” in the urinary bladder is straightforward and the 
features to be determined are related to proper classification 
(grading) and evaluation of stage. Occasionally there can 
be problems in differential diagnosis with lesions that can 
mimic a papillary process (polypoid or papillary cysti- 
tis, fragmented or tangentially cut flat lesions) or papillary 
lesions that are not strictly speaking urothelial (nephrogenic 
adenoma, condyloma acuminatum, etc.).2°°” 

More problematic is the concept of papillary hyperplasia 
and when to call a small lesion a true papillary neoplasm 
particularly in the setting of known papillary neoplasia. If a 
true papillary stalk is evident then the lesion is graded and 
classified into the categories described below (Fig. 6-26). 
A papillary stalk is defined by the presence of a central 
fibrovascular core in an exophytic lesion. In the presence 
of known neoplasia, I am quite aggressive in diagnosing a 
lesion as a papillary tumor (Fig. 6-27). 


Figure 6-25 W Urothelial CIS with malignant cells forming 
a thin epithelium (A). Immunohistochemistry shows diffuse reac- 
tivity for cytokeratin 20 (B) and p53 (C). 


For cases with an undulating surface or tenting of the uro- 
thelium where no fibrovascular core is evident, the term pap- 
illary hyperplasia has been suggested (Fig. 6-28).*? In some 
instances, small capillaries are present in the stroma at the 
base of the pseudopapillae, but these do not extend upward 
into the stroma. These are therefore more “pseudopapillary” 
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Figure 6-26 W Papillary urothelial carcinoma with short 
papillary fronds. 
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than truly papillary, and that is the terminology I use in my 
practice. The diagnosis in specimens with a pseudopapil- 
lary architecture is dependent on evaluating the surface 
urothelium as a “flat” lesion; if unequivocal dysplasia or CIS 
is present the diagnosis should be dysplasia or CIS. 

Several studies have looked at a variety of biologic mark- 
ers in papillary tumors and their relationship to the three 
groups; for the most part these have demonstrated signifi- 
cant differences of the respective marker in the different 
categories. !*2°8 

Grossly papillary tumors may be single or multiple 
(Fig. 6-29). In low-grade tumors, the papillary architecture 
can often be appreciated grossly. In some cases, the tumors 
cover much or all of the mucosal surface (Fig. 6-30). In 
high-grade carcinoma, the tumors often have a more sessile 
appearance (Fig. 6-31). 

Histologically, papillary tumors are defined by the 
presence of true papillae with central fibrovascular cores 
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Figure 6-28 WE Prominent tenting of the mucosal surface 
producing pseudopapillae (papillary hyperplasia). 
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Figure 6-27 W Papillary urothelial carcinoma with early formation of identifiable papillae (A,B). 


covered by the neoplastic epithelium. While the cores tend 
to be delicate, in some cases they can be quite thickened 
and hyalinized (Fig. 6-32). Infrequently the stalks are 
expanded by an inflammatory infiltrate (Fig. 6-33) or by 
collections of foamy macrophages (Fig. 6-34). The clas- 
sification (grading) of papillary tumors is based on the 
features of the covering epithelium and is detailed in the 
following sections. 
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Figure 6-29 E Small, single papillary urothelial carcinoma 
on the posterior wall of the bladder. 
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Figure 6-32 W Papillary urothelial carcinoma with hyalin- 
ization of the papillary cores. 


Figure 6-30 E Diffuse involvement of the bladder by nonin- 
vasive (pTa) low-grade papillary urothelial carcinoma. 


Figure 6-31 E Invasive (pT2a), high-grade papillary urothe- 
lial carcinoma. macrophages in the papillary cores. 
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Figure 6-35 W Papillary urothelial neoplasm of low malignant potential at low (A) and high (B) magnification. 


Papillary Urothelial Neoplasm of Low Malignant 
Potential 

The creation of this category represented a compromise 
between the “papilloma” camp and those insisting on the use 
of “carcinoma” for all papillary lesions. The 1998 consen- 
sus statement acknowledged that the lower-grade papillary 
neoplasms were not intrinsically malignant but were asso- 
ciated with a significant risk for the development of new 
papillary tumors (recurrence). These lesions at the lower 
end of the spectrum were accepted as clinically significant 
with close clinical follow-up necessary but further intravesi- 
cal therapy not indicated. These tumors have a significantly 
lower rate of recurrence than either low- or high-grade papil- 
lary carcinomas and have a very low rate of stage progres- 
sion.™!83420-212 In a review of published studies, the mean 
tumor recurrence rate was found to be 36% and the stage 
progression rate to be 4%." The largest single institution 
experience with 212 cases (representing 21% of the 1,006 
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noninvasive papillary tumors) reported a recurrence rate of 
18% and progression to invasive disease in 2%.*!? None of 
the patients died of bladder cancer. 

Morphologically, this category largely though not com- 
pletely corresponds to grade 1 papillary carcinoma in the 1973 
WHO system.’ The tumor consists of delicate papillae with 
little or no fusion (Figs. 6-35A and 6-36A). The covering uro- 
thelium is usually but not always thickened and shows mini- 
mal if any architectural irregularity. Nuclei are normal in size 
to slightly enlarged and lack significant nuclear hyperchroma- 
sia or pleomorphism (Figs. 6-35B and 6-36B). The chromatin 
is fine, and nucleoli are inconspicuous. Mitoses are infrequent 
and basally located when present (Tables 6-7 and 6-8). 


Papillary Urothelial Carcinoma, Low Grade 

This category contains the intermediate group of lesions. In 
the 1973 WHO system, this would include roughly the lower 
one-half to two-thirds of grade 2 papillary carcinoma. '™'’ 


Figure 6-36 W® Papillary urothelial neoplasm of low malignant potential at low (A) and high (B) magnification. 
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Table 6-7 PAPILLARY UROTHELIAL NEOPLASMS: ARCHITECTURAL FEATURES 
PUNLMP* Low Grade High Grade 

Papillae Delicate Delicate Delicate 
Rarely fused Occasionally fused Fused and branching 


Organization Polarity normal 


Any thickness 
Most increased 
Cohesive cells 


Any thickness 
Most increased 
Cohesive cells 


*Papillary urothelial neoplasm of low malignant potential. 


These tumors have a significantly higher recurrence rate than 
for papillary urothelial neoplasm of low malignant poten- 
tial and similar to high-grade papillary carcinomas.’ They 
also have a higher rate of stage progression than papillary 
urothelial neoplasm of low malignant potential but signifi- 
cantly lower than for high-grade papillary carcinoma.”!?*4 
Low-grade tumors can be invasive though this is distinctly 
uncommon. A review of the literature revealed a mean recur- 
rence rate of 50% and mean stage progression rate of 10%." 
In the large series of Pan et al.?4 these accounted for 60% 
of noninvasive papillary tumors and had recurrence and 
progression rates of 35% and 6.5%, respectively. At last 
follow-up, 2% of patients presenting with low-grade papil- 
lary carcinoma had died of bladder cancer.?!? Patients with 
these tumors require close clinical follow-up though recently 
it has been suggested that this can be less frequent than for 
patients with high-grade tumors.”! A single dose of intravesi- 
cal therapy (most often mitomycin-C) is optional but mainte- 
nance intravesical therapy is not recommended.” 

The papillae are largely delicate and separate, but some 
fusion may be seen. At low magnification, there is a gener- 
ally ordered architectural appearance to the cells within the 
epithelium (Figs. 6-37A and 6-38A). There is, however, an 
impression of increased cellularity with increased nuclear 
density. The nuclei tend to be uniformly enlarged and retain 
the elongated to oval shape of normal urothelial cells. The 
chromatin remains fine with small and generally inconspicu- 
ous nucleoli. There is often some variability with scattered 


Predominantly ordered with minimal 
crowding and loss of polarity 


Predominantly disordered with crowding, 
overlapping cells and loss of polarity 
Any thickness—may be single cells (denuding) 


Often discohesive 


hyperchromatic nuclei (Figs. 6-37B and 6-38B). Mitoses 
may be present but are few and generally remain basally 
located (Tables 6-7 and 6-8). 


Papillary Urothelial Carcinoma, High Grade 

As previously discussed, many WHO grade 2 (1973) tumors 
(roughly the upper one-half to one-third) have a significant 
risk of invasion and biologically have more in common with 
the grade 3 tumors. These tumors not only have a signifi- 
cant risk of recurrence but have a substantial risk of invasion 
and progression to muscle-invasive disease. For this reason, 
the consensus was that these were better included in a high- 
grade category with the WHO grade 3 (1973) neoplasms. 
The overall progression rate (to invasive carcinoma) ranges 
from 15% to 40%. Of the patients initially presenting with 
high-grade papillary carcinoma in the Pan et al.?4 series, 
22% died of bladder cancer. For high-grade Ta tumors, intra- 
vesical BCG therapy with an induction course and mainte- 
nance is recommended.” 

Heterogeneity of grade is recognized in papillary 
lesions,”'*?!5 and the consensus is that tumors should be 
graded on the basis of the worst grade present (Fig. 6-39). 
There is no consensus on a minimum quantity that should 
be present to assign a higher grade in cases such as this. 
Some authors have used a 5% cutoff for recognition of a 
higher-grade component.?!5?!6 After reviewing this topic, 
the recent International Consultation on Urologic Diseases 
concluded that there is some evidence to indicate that pure 


Table 6-8 PAPILLARY UROTHELIAL NEOPLASMS: NUCLEAR FEATURES 

PUNLMP* Low Grade High Grade 
Size Mildly enlarged Enlarged Enlarged 

Uniform Some variation Marked variability 
Shape Elongated Elongated, oval, or round Pleomorphic 

Uniform Slight variation 
Chromatin Fine Fine with some variation Frequently coarse with marked variation 
Nucleoli Absent to inconspicuous Usually inconspicuous Prominent 

Single to multiple 

Mitoses Rare Infrequent Frequent 

Basal if present Most basal if present Any level 


*Papillary urothelial neoplasm of low malignant potential. 
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Figure 6-37 E Low-grade papillary urothelial carcinoma at low (A) and high (B) magnification. 


Ax Rs 
Figure 6-38 E Low-grade papillary uroth 


Figure 6-39 W Papillary urothelial carcinoma with 
low-grade (left) and high-grade (right) areas. 
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high-grade tumors are more aggressive than mixed low- and 
high-grade ones.” This is a subject that is in need of fur- 
ther study.*'4!”" Our current approach is to assign the worst 
grade present, irrespective of quantity, but to include a note 
indicating that there is grade heterogeneity and which grade 
is predominant. 

The papillae are frequently fused forming apparently 
solid masses. The overall impression is one of disordered 
growth (Figs. 6-40A and 6-41A). The epithelium is of vari- 
able thickness and may resemble “denuding carcinoma in 
situ” in some instances. Individual cells are haphazardly 
arranged within the epithelium and have a generally disco- 
hesive nature. Nuclei are hyperchromatic and pleomorphic. 
The chromatin is dense, irregularly distributed, and often 
clumped. Nucleoli may be single or multiple and are often 
prominent (Figs. 6-40B and 6-41B). Mitoses are generally 
frequent and may be seen at any level of the epithelium. 
Abnormal mitoses are often present (Tables 6-7 and 6-8). 
CIS can be present in the adjacent mucosa. 
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rcinoma at low (A) and high (B) magnification. 
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Cytologic Features 

The sensitivity of cytology for detecting papillary tumors 
is strongly correlated with the tumor grade. There is a low 
degree of sensitivity for papillary urothelial neoplasms of 
low malignant potential and low-grade papillary urothelial 
carcinoma. Particularly in bladder washings, fragments of 
papillary tumors can be obtained and these are very helpful 
in making the diagnosis. The presence of papillary frag- 
ments in voided urine in the absence of inflammation or 
lithiasis is suspicious for papillary urothelial neoplasia. 
In these fragments an increased cellularity and crowding 
of nuclei may be evident (Fig. 6-42). The umbrella cells 
are variably preserved. The nuclei are uniformly enlarged 
with an increased nuclear to cytoplasmic ratio. The chro- 
matin tends to be uniformly distributed with inconspicuous 
or small nucleoli. The nuclear membranes show vari- 
able thickening and there is irregularity of nuclear shape. 
Nuclear membrane features have been reported to be most 
helpful in identifying low-grade lesions.”'’ The cytoplasm 
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Figure 6-42 WE Bladder washing specimen from a low-grade 
papillary urothelial carcinoma. 


is homogeneous and lacks vacuolization. Mitoses are 
absent or infrequent. 

In high-grade papillary tumors, the most identifying fea- 
ture to distinguish from low-grade tumors is the presence 
of nuclear pleomorphism. The cells are markedly enlarged 
and are present as cohesive groups and as single cells 
(Fig. 6-43). There is an increased nuclear to cytoplasmic 
ratio. The nuclei are hyperchromatic with irregular clumped 
chromatin and prominent nucleoli. The nuclear membranes 
are thick and irregular. Mitoses are frequent. Umbrella 
cells are absent. The cytoplasm is not homogeneous, and 
cytoplasmic features may indicate squamous or glandular 
differentiation. 


Differential Diagnosis 

There are several benign processes in the urinary bladder 
that can mimic papillary urothelial neoplasms (Table 6-9). 
Papillary hyperplasia is discussed above. Nephrogenic ade- 
noma is covered in the section on clear cell adenocarcinoma. 
Condyloma acuminatum is discussed in the section on squa- 
mous papilloma. 

Papillary/polypoid cystitis is a condition characteristi- 
cally associated with indwelling catheter and is reported to 
occur in up to 80% of patients with catheters 37780771829 
These lesions may also occur in other settings related to 


Table 6-9 m MIMICS OF PAPILLARY 
NEOPLASMS 


Papillary urothelial hyperplasia 
Nephrogenic adenoma 
Polypoid cystitis 

Papillary cystitis 
Fibroepithelial polyp 
Condyloma acuminatum 


Figure 6-43 E Bladder washing specimen from a high-grade 
papillary urothelial carcinoma. 


chronic irritation, such as fistula and long-standing uri- 
nary tract obstruction. By cystoscopy, polypoid cystitis 
appears as exophytic lesions that may be large and pol- 
ypoid, or somewhat narrower mimicking papillary struc- 
tures. Histologically, the typical finding is that of marked 
edema of the lamina propria resulting in exophytic pol- 
ypoid projections. The overlying urothelium ranges from 
flattened and attenuated to normal to hyperplastic, but 
shows no significant cytologic or architectural atypia. In 
some cases, the stroma may be less edematous resulting 
in a more papillary appearance (so-called papillary cys- 
titis). There always continues to be some stroma present 
frequently with interspersed inflammatory cells and small 
capillaries. 

Fibroepithelial polyp can occur throughout the urinary 
tract and over a wide age range from children to adults.?°°”” 
In the pediatric population, fibroepithelial polyp is the 
second most common mass in the bladder (after rhabdo- 
myosarcoma).?” These are considered to be nonneoplastic 
lesions that can be congenital or acquired and may represent 
a hamartoma. There is a male predominance. Presentation 
is variable but includes obstruction (particularly in urethral 
and ureteral lesions), hematuria, and pain. Grossly these 
are polypoid structures that can have multiple finger-like 
projections (Box 6-2). The overall polypoid appearance 
distinguishes these from papillary urothelial neoplasms. 


Box 6-2 FIBROEPITHELIAL POLYP—CLUES 
TO DIAGNOSIS 


Finger-like projections 

Fibrous stroma 

Attenuated to hyperplastic urothelium 
Variable inflammation 
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The finger-like projections have central fibrous cores cov- 
ered by attenuated to hyperplastic urothelium with a scat- 
tered inflammatory infiltrate. These can simulate papillary 
neoplasia; however, the fibrous cores tend to be wider and 
are more dense and fibrotic in nature than papillary neo- 
plasms. Atypical stromal cells can be present.?” In a minor- 
ity of cases, the urothelium proliferates producing complex 
anastomosing nests. These can mimic inverted papilloma. 
In fibroepithelial polyp the anastomosing nests of urothe- 
lium are embedded in a fibrous stroma and are more irregu- 
lar and less “solid” than is seen in inverted papilloma. 


Invasive Urothelial Carcinoma 


Gross Features 

Invasive urothelial carcinoma can be unifocal or multifo- 
cal. In most cases the invasive carcinoma forms a single 
mass. Additional foci, when present, are often noninvasive 
papillary tumors, papillary tumors with invasion, or areas 
of CIS. The latter may be appreciated as hemorrhagic or 
red mucosa. Invasive carcinoma can be polypoid, sessile, 
or ulceroinfiltrative (Figs. 6-44 to 6-46). Polypoid growth 
is most often associated with the sarcomatoid variant and 
these can be attached to the bladder wall by a narrow ped- 
icle. Invasive tumors are solid, gray-white, and poorly cir- 
cumscribed with infiltrative borders. In cases with extensive 
squamous differentiation there can be abundant keratinous 


Figure 6-44 E Invasive (pT2b) high-grade urothelial carci- 
noma with a somewhat polypoid appearance. 
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debris on the surface. Invasive carcinomas developing from 
papillary tumors often have a sessile appearance and there 
may be papillary structures evident on the surface or at 
the lateral mucosal margins. In some cases there is diffuse 
thickening of the bladder wall resembling linitis plastica, 
a pattern most often associated with the plasmacytoid and 
micropapillary variants. An ulcero-infiltrative pattern of 
growth may grossly resemble a site of prior TURBT. These 
areas can be deceiving with the poorly defined lesion rep- 
resenting scarring and secondary changes rather than solid 
tumor. 


Microscopic Features 

Invasive urothelial carcinoma is most remarkable for the 
diversity of histologic patterns that can be found. Many of 
these are so distinctive that they are now recognized as spe- 
cific variants, some of which have significant clinical charac- 
teristics. These are discussed in detail in a following section. 
The architectural patterns of invasive carcinoma include 
solid sheets, large and small nests, trabeculae, cords, and 
single cells (Box 6-3) (Figs. 6-47 to 6-51). In larger nests, 
the cells at the periphery may have palisading of the nuclei 
with a pattern of maturation toward the center reminiscent 
of normal urothelium. In most cases, however, the urothe- 
lial nature of the tumor is assumed based on the absence of 
another specific histology. The pattern of invasion has been 
linked to prognosis with tumors having well-defined nests, 


FIGURE 
carcinoma. 


6-45 E Invasive (pT3b) high-grade urothelial 
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Figure 6-48 E Invasive high-grade urothelial carcinoma 
with small variably shaped nests. 
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Figure 6-46 W Invasive (pT3b) high-grade urothelial 
carcinoma. 
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Figure 6-47 W Invasive high-grade urothelial carcinoma 
growing in large nests. Note the squamoid appearance. 


Box 6-3 INVASIVE UROTHELIAL 


CARCINOMA — GROWTH PATTERNS 


Inverted—pushing 


Solid 

Variably sized nests ANS XA N N 

Trabecular ENA N RAE OAN RC Ta 
Cords Figure 6-50 W Invasive high-grade urothelial carcinoma 
Single cells forming small cords in a desmoplastic stromal background. 
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with a trabecular architecture. 


trabeculae, and pushing borders behaving better outcome 
than those with infiltrating nests, cords, and single cells.?4”° 

The majority of invasive carcinomas are high grade and 
this is reflected in striking nuclear pleomorphism manifest 
by variability in nuclear size and shape, nuclear chromatin 
pattern, and presence or absence of single or multiple nucle- 
oli (Fig. 6-52). Nuclear contours are often irregular with 
sharp angles. Bizarre giant tumor nuclei and multinucleated 
tumor giant cells can be present (Fig. 6-53). Mitotic activity 
is variable but in most cases mitoses are frequent and abnor- 
mal mitotic figures are identifiable. There is generally mod- 
erate to abundant cytoplasm that is eosinophilic. In many 
cases this results in a squamoid appearance to the tumor. In 
other tumors the cytoplasm can be basophilic. Cytoplasmic 
vacuoles can occur and cytoplasmic mucin may be visible. 
Mucin stains are positive for cytoplasmic mucin in up to 
60% of invasive high-grade tumors (Fig. 6-54).”° The pres- 
ence of mucin does not indicate glandular differentiation; 


with nuclear pleomorphism. 
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FIGURE 


6-53 E Invasive high-grade urothelial carcinoma 
with bizarre pleomorphic nuclei. 


the latter diagnosis is reserved for tumors with the presence 
of well-formed glandular structures. Cytoplasmic clearing 
due to the accumulation of glycogen is another feature that 
can be present. This is usually focal but when more exten- 
sive has been described as the clear cell variant of urothelial 
carcinoma.” 

In most cases of invasive carcinoma, there is a desmoplas- 
tic stromal response (Fig. 6-55). This can be quite prominent 
and in some cases consists of a cellular pseudosarcomatous 
spindle cell stroma mimicking sarcomatoid carcinoma.” The 
stroma can also be myxoid, and in some tumors, this myx- 
oid background becomes a predominant part of the tumor 
(Fig. 6-56). Benign osseous metaplasia can develop and 
should not be confused with a heterologous element of sar- 
comatoid carcinoma.”*°3! Retraction of the stroma away 
from invasive tumor nests is also a characteristic feature of 
urothelial carcinoma. This can be a particularly helpful fea- 
ture in foci of early invasion. In most tumors this is a focal 
finding, when prominent a diagnosis of the micropapillary 
variant of urothelial carcinoma should be considered. It also 
creates a problem in distinguishing retraction artifact from 
lymph-vascular invasion.» Invasion of the stroma by tumor 
can be accompanied by an associated inflammatory infiltrate 
that can be polymorphous or predominantly lympho-plasma- 
cytic (Fig. 6-57). In some cases, this is particularly intense 
and obscures the tumor resulting in a lymphoepithelioma-like 
morphology.” 


Cytologic Features 

Cytology is highly sensitive in cases of invasive urothelial 
carcinoma. These tumors are almost always high grade. Cells 
are shed singly and in cohesive groups; the latter are most 
apparent in specimens obtained at cystoscopy (Fig. 6-58). 
The cells are markedly enlarged and have increased nuclear 
to cytoplasmic ratios. Nuclei are large, hyperchromatic, and 
have coarsely clumped chromatin and single to multiple 
nucleoli. The nuclear membranes are thick and irregular. 
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Figure 6-54 E Mucin positivity (A, Alcian blue pH 2.4; B, mucicarmine) in an otherwise typical high-grade urothelial carcinoma. 
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Figure 6-57 W Invasive high-grade urothelial carcinoma 
with inflammation including lymphocytes, plasma cells, and 
eosinophils. 
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Figure 6-56 W Invasive high-grade urothelial carcinoma Figure 6-58 E High-grade urothelial carcinoma in a voided 
with myxoid stroma. urine specimen. 
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Figure 6-59 W High-grade urothelial carcinoma in a bladder 
wash specimen. 


There is striking nuclear pleomorphism (Fig. 6-59). Mitotic 
figures are common. The background is typically bloody 
with inflammation and necrotic tissue fragments (Fig. 6-60). 
Cytoplasmic features are variable and can reflect squamous 
or glandular differentiation. Features of specific histologic 
variants can be present. 


Differential Diagnosis 

The differential diagnosis of invasive urothelial carcinoma 
includes benign conditions that can mimic invasive carci- 
noma, nonurothelial carcinomas, other primary tumors, 
and secondary tumors (either direct invasion from another 
site or metastases). Benign proliferations that can mimic 
urothelial carcinoma such as von Brunn’s nest hyperplasia 
and proliferative cystitis are discussed in the section on the 
nested variant of urothelial carcinoma. Inverted papilloma 
is dealt with in the section on urothelial carcinoma with 
inverted papilloma-like architecture. Nephrogenic adenoma 
is reviewed in the section on clear cell adenocarcinoma. 
Other benign glandular lesions are discussed in the nonura- 
chal adenocarcinoma section. Other tumors such as para- 
ganglioma are covered in the relevant section. Secondary 
involvement of the bladder is covered in detail in the section 
on secondary neoplasms. 


Pseudocarcinomatous Proliferations. Baker and Young”** 
first described the occurrence of benign reactive epithelial 
proliferations that mimic invasive urothelial carcinoma in 
the setting of radiation therapy. Subsequently similar lesions 
have been described following chemotherapy or without any 
evident pathogenic factor.***?°° 

These lesions are characterized by irregular nests of 
urothelium extending into the lamina propria simulating 
invasive carcinoma. This is often accompanied by cytologic 
atypia and mitotic figures as well as cytoplasmic eosino- 
philia, all typical of invasive carcinoma. A key clue to rec- 
ognition is the impression of an inflammatory background 
with stromal hemorrhage, fibrin, edema, hemosiderin 


Figure 6-60 E High-grade urothelial carcinoma in a bladder 
wash specimen. 


deposition, and inflammation. There are often prominent 
ectatic vascular structures. In the setting of radiation the 
typical vascular changes may be evident as well as stromal 
cell atypia. There may be overlying mucosal ulceration. If 
a lesion reminds you of a urethral caruncle, think of this as 
a possibility. 


Immunohistochemistry 
Immunohistochemistry can play a vital role in the diagno- 
sis and differential diagnosis of urothelial carcinoma.**”?°8 
Given the diversity of the morphologic manifestations of 
urothelial carcinoma, not surprisingly a large number 
of immunohistochemical markers can be expressed by 
these tumors (Table 6-10). It is important to recognize 
that the reported frequency of expression is often depen- 
dent on the type of cases studied. For example, in one 
study thrombomodulin was expressed by 86% of papil- 
lary urothelial neoplasms of low malignant potential but 
only 39% of invasive urothelial carcinomas.“ The immu- 
nohistochemical profiles of urothelial carcinoma variants 
are discussed in the specific sections below and are not 
repeated here. Immunohistochemistry is also included in 
the differential diagnosis sections throughout this chapter 
and the reader is referred to those discussions for specific 
questions. 

There are markers that are used to assist in identifying 
a tumor as being of urothelial origin. Uroplakin II has 
been reported to be 100% specific in some studies but its 
usefulness is somewhat limited by low sensitivity (57% to 
60%).741°4255 Expression decreases with increasing grade 
and so in the types of tumors most often causing difficulty, 
it is least often expressed.” Thrombomodulin has also been 
used as a specific marker of urothelial carcinomas. It is 
expressed by 49% to 91% of tumors with expression decreas- 
ing in invasive high-grade tumors.”*!*“*? It is not as specific 
as uroplakin II] and is also expressed in some cases of squa- 
mous cell carcinoma, mesothelioma, and adenocarcinoma 
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Table 6-10 


IMMUNOHISTOCHEMISTRY OF UROTHELIAL CARCINOMA (USUAL TYPE) 


Marker Positive (%) Comments 
Cytokeratin 5/6799240 6-75 

Cytokeratin 7241.242 87-94 

Cytokeratin 8/18799248 83-87 


Cytokeratin 197°° 92 


Cytokeratin 20299241,244 25-67 
Cytokeratin 34BE 12744245 65-97 
EMAS 80-94 
Vimentin?9:747 11-33 
P63242.247.248 81 -100 
P1 6249.250 30-50 
P5328251 34-68 
CD1022253 54-67 
Thrombomodulin?4.244.254 49-91 
Uroplakimil ean 57-60 
GATA3?55 67 
CDI- 30 
AMACR (racemase)?*2757 31-36 
Sioa 71-78 
Tiree 5 
Calretinin?©° 5 
Hepatocyte nuclear factor-1B7°' 8 
PAX-2247262 0-6 
PAX-8247263,264 O17 
PSA241,242 (0) 

PA P241,242 Oi 
PSMA265.268 CHI 
Prostein (P501 S)258.267 0-6 
NKX3. 1258 0 
CDX-2268 0 
Estrogen receptor p7?2/° 63-80 
Estrogen receptora?’°2”! 1.4-4.5 
Progesterone receptor?” 0 
HMB-45272 (0) 
Melan-A?78 0 
Synaptophysin“® 6 
CDSS- 0 
Chromogranin-A*48 0 


of the bladder, lung, ovary, pancreas, and breast among 
others.*+?54 More recently, GATA3 has been shown to be 
expressed in 67% of urothelial carcinomas.”°* In an exten- 
sive tissue microarray study, Higgins et al.*°° found only 
ductal adenocarcinoma of the breast to also express GATA3 
indicating a high degree of specificity for this marker. These 
authors also reported expression of S100P in 78% of bladder 
urothelial carcinomas but this marker was less specific with 
gastrointestinal tract adenocarcinoma, hepatocellular carci- 
noma, ovarian carcinoma, and rarely (2%) prostatic adeno- 
carcinoma also being positive.**° 


Higher percent positive with highergrade and nonpapillary type 
Predominantly cytoplasmic 

Lower % positive with invasive carcinomas 

Lower % positive with higher grade 


Results appear antibody-dependent 


Weak in one case of urothelial carcinoma; may be + with glandular 
differentiation 


Positive with enteric-type glandular differentiation 


Rare cells 


The expression of cytokeratins is also of interest in 
urothelial carcinoma. The urothelium is a stratified epi- 
thelium and as such has some similarities with squamous 
cell carcinoma. One characteristic is the expression of 
high molecular weight cytokeratins. One of the more fre- 
quently studied high molecular weight cytokeratin clones, 
34BE12, is expressed in 65% to 97% of cases (Fig. 6-61A 
and B).?4774445274 Urothelial carcinoma is also one of the 
tumors that coexpress cytokeratins 7 and 20 (Fig. 6-61C 
and D). There has, however, been wide variation in the lit- 
erature with the reported frequency of this ranging from 
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50% to 62%.*4!?” Up to 14% of high-grade urothelial car- 
cinomas do not express either cytokeratin 7 or 20.7275 The 
results are highly dependent on case selection as cytokera- 
tin 20 expression is much less often present in invasive and 
metastatic urothelial carcinomas (44%).?“ 
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Figure 6-61 W High-grade urothelial carcinoma with an 
unusual architecture (A) that has positive immunoreactivity for 
high molecular weight cytokeratin 34BE12 (B), cytokeratin 7 (C), 
cytokeratin 20 (D), and p63 (E). 


Lastly p63 has become a useful marker of urothelial car- 
cinoma. It is expressed in 81% to 92% of high-grade uro- 
thelial carcinomas (Fig. 6-61E).™* This marker is also 
consistently expressed in squamous and basal cell carci- 
nomas. Its value in the urinary bladder has been primarily 
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related to assisting in the differential diagnosis with pros- 
tatic adenocarcinoma” and its expression in the spindle cell 


component of sarcomatoid carcinomas. 


Histologic Variants of Urothelial Carcinoma 


The morphologic diversity of tumors arising from the uro- 
thelium is well recognized and is reflected in the current 
classification system.'*!5°3?” In this section, the focus will 
be on those tumors that are considered variants of urothe- 
lial carcinoma. Other epithelial tumors such as squamous 
cell carcinoma, adenocarcinoma, and small cell carcinoma 
that can develop in the urinary tract are not considered. 
Table 6-11 provides a modified listing of these variants as 
described within the WHO classification scheme" as well as 
in more recent publications.°*?”° 


Urothelial Carcinoma with Mixed Differentiation 

Urothelial tumors have a great capacity for divergent differ- 
entiation.” Squamous differentiation, defined by the pres- 
ence of intercellular bridges and/or keratinization, occurs 
in up to 40% of urothelial carcinomas (Fig. 6-62).°377°?78?8 
For this reason, the diagnosis of squamous cell carcinoma 
is reserved for pure lesions without any associated urothe- 
lial component, including urothelial CIS.'*!>?8° Tumors with 
any identifiable urothelial element are classified as urothe- 
lial carcinoma with squamous differentiation. Some authors 
will classify urothelial carcinoma with extensive squamous 
differentiation as squamous cell carcinoma (but we prefer 
to continue to follow the WHO guidelines).*' The clinical 
significance of squamous differentiation remains uncertain; 
it has been reported to be an unfavorable prognostic feature 
in patients undergoing radical cystectomy, possibly because 
of its association with high-grade urothelial carcinoma.’ 
Mixed differentiation in transurethral resection specimens 


Table 6-11 
CARCINOMA 


Mixed differentiation 

With squamous differentiation 

With glandular differentiation 

With small cell differentiation 
Nested 
Microcystic 
Micropapillary 
Lymphoepitheliomea-like 
Plasmacytoid 
Inverted papilloma-like carcinoma 
Giant cell carcinoma 
Urothelial carcinoma with trophoblastic differentiation 
Clear cell (glycogen-rich) urothelial carcinoma 
Lipid-rich (lipoid) urothelial carcinoma 
Sarcomatoid carcinoma (carcinosarcoma) 
Undifferentiated carcinoma 


VARIANTS OF UROTHELIAL 


Adapted from Eble J, Epstein J, Sauter G, et al. World Health 
Organization Histologic and Genetic Typing of Tumours of the Kidney, 
Urinary Bladder, Prostate Gland and Testis. Lyon, France: IARC Press; 
2004. 


Figure 6-62 W Urothelial 
differentiation. 


has been associated with a higher frequency of muscle inva- 
sion and extravesical extension, but not decreased survival.?” 
Squamous differentiation has been reported in a limited 
number of reports to be predictive of a poor response to radi- 
ation therapy and has been associated with a poor response 
to systemic chemotherapy.” There is no association with 
HPV infection.” Immunohistochemical markers of squa- 
mous differentiation such as caveolin-1 and -2, MAC387, 
and desmocolin-2 can identify this component in urothelial 
carcinoma.?’*887 We currently report the percentage of the 
squamous component in cases with mixed differentiation. 
Glandular differentiation is less common than squamous 
differentiation, being present in up to 18% of cases.!4?” 
Glandular differentiation is defined as the presence of true 
glandular spaces within the tumor.'**° In most cases, these 
glands have an enteric morphology (Fig. 6-63). Tumors with 
a mucinous (colloid) carcinoma or signet ring cell adeno- 
carcinoma component are also included. Pseudoglandular 
spaces caused by necrosis or artifact should not be consid- 
ered evidence of glandular differentiation. Mucin-containing 
cells are common in high-grade urothelial carcinoma. 
Donhuijsen et al.” found mucin-positive cells in 14% of 
grade 1, 49% of grade 2, and 63% of grade 3 urothelial car- 
cinomas. The presence of cytoplasmic mucin is not consid- 
ered evidence of glandular differentiation. The diagnosis of 
adenocarcinoma is reserved for pure tumors!*** and a tumor 
with mixed glandular and urothelial differentiation is clas- 
sified as urothelial carcinoma with glandular differentiation 
regardless of the extent of the glandular differentiation. The 
clinical significance of glandular differentiation and mucin 
positivity in urothelial carcinoma remain uncertain. In one 
study, the presence of glandular differentiation was associ- 
ated with a poorer response to systemic chemotherapy.?® In 
another report, mixed differentiation in transurethral resec- 
tion specimens was associated with a higher frequency of 
muscle invasion and extravesical extension, but not sur- 
vival.” Immunohistochemistry for MUCS5AC-apomucin 
may be an indicator of glandular differentiation.*! In cases 
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CDX2 (B). 


with glandular differentiation, we report the percentage of 
the glandular component. 

Small cell differentiation histologically identical to that 
occurring in the lung is estimated to account for approxi- 
mately 0.5% of bladder tumors.?®-% In about 50% of cases it 
is pure and in the others mixed with other histologic types.””! 
In contrast to the way squamous and glandular differentia- 
tion is reported, given the clinical significance of this diag- 
nosis, we report these mixed tumors as small cell carcinoma 
and then indicate the percentage of the small cell and urothe- 
lial components. This topic is covered in detail in the section 
on small cell carcinoma later in the chapter. 


Nested Variant 
In 1992, Murphy and Deana’” described four cases of inva- 
sive urothelial carcinoma with a distinctive growth pattern of 
small nests, a pattern that had also been described by Talbert 
and Young.”*? There are no specific clinical or epidemiologic 
characteristics. These are invasive carcinomas. Larger series 
have confirmed the aggressive nature of this tumor despite 
its deceptively benign morphology.”****’ Some studies have 
suggested these are more aggressive than usual urothelial 
carcinoma.”>%” In the largest series to date, Wasco et al.” 
reported lymph node metastases in 67% of the 30 cases 
undergoing cystectomy. 

This variant of urothelial carcinoma is character- 
ized by infiltrating discrete nests made up of uniform 


Box 6-4 @ NESTED VARIANT —CLUES TO 
DIAGNOSIS 


Nuclear enlargement with variable atypia 
Haphazard arrangement of nests 
Infiltrative growth 

Confluence of nests 

Deep lamina propria involvement 
Involvement of muscularis propria 
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benign-appearing urothelial cells, closely resembling von 
Brunn nests (Box 6-4) (Fig. 6-64). The nests can be closely 
packed or more scattered and haphazard and can show con- 
siderable size variation (Fig. 6-65). There is often no asso- 
ciated stromal response. Some nests have small tubular 
lumens. This can result in focal areas resembling cystitis 
cystica or glandularis. In some areas the nests become more 
complex or confluent, features that are helpful when present 
(Fig. 6-66). Nuclei generally show little or no atypia but are 
often considerably enlarged when compared to normal uro- 
thelial cells (Fig. 6-67). Invariably the tumor also contains 
foci of unequivocal cancer with more variable nuclear size, 
enlarged nucleoli, and a coarse chromatin pattern. Increasing 
levels of atypia are often identified in the deeper portions of 
the tumor. Invasion of the muscular propria is common and 
when identified is diagnostic of carcinoma. There may be 
an associated typical urothelial carcinoma component and/ 
or urothelial CIS. 


-a z 


Figure 6-64 W Nested variant of urothelial carcinoma with 
infiltrating small nests of cells. 
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Figure 6-65 W Nested variant of urothelial carcinoma with a 
more obvious high-grade component. 


The immunohistochemical profile is typical of urothelial 
carcinoma with cytokeratin 7 (93%), cytokeratin 20 (68%), 
high molecular weight cytokeratin (34BE12; 92%), and p63 
(92%) positivity.” Overexpression of p53 was found in 25% 
of cases in one series. 

The major differential diagnosis is with benign mimics 
such as prominent von Brunn nest or von Brunn nest hyper- 
plasia (proliferative cystitis).°** Useful features in recog- 
nizing this lesion as malignant are the closely packed and 
haphazard arrangement of the nests, tendency for increasing 
cellular anaplasia in the deeper portions of the lesion, the 
infiltrative nature, and the presence of deep lamina propria 
and muscle invasion. Von Brunn nests tend to extend down- 
ward to a consistent level forming almost a linear edge to 
the proliferation with the cells maintaining the features of 
urothelium and with minimal cytologic atypia. In von Brunn 
nests, the cells mature toward the center, a feature not seen 
in the nested variant. Although Ki-67 (MIB-1) staining 
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Figure 6-66 W Nested variant of urothelial carcinoma with 
the nests focally becoming confluent. 
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Figure 6-67 W Nested variant of urothelial carcinoma with 
uniform nests and uniform round nuclei. 


generally shows a higher rate of positive cells in carcinoma 
than in proliferative cystitis, there is sufficient overlap such 
that this is not a reliable criteria to base the diagnosis on.*47°8 
Similarly, overexpression of p53 protein does not seem to 
have value in this distinction. 

The nested variant of urothelial carcinoma may mimic 
paraganglioma or paraganglionic tissue; the prominent vas- 
cular network of paraganglioma that surrounds individual 
nests is different than in carcinoma.”” Rare carcinoid tumors 
in the bladder can have a nested architecture and bland 
cytologic features. Immunohistochemistry can distinguish 
carcinoma from paraganglionic tissue, paraganglioma, and 
carcinoid tumor in difficult cases. Another mimic is neph- 
rogenic adenoma that can have solid nests and an apparent 
infiltrative growth; recognition of other architectural pat- 
terns including tubules, microcysts, and surface papillary 
component lead to the correct diagnosis. Prominent base- 
ment membranes around the nests and hobnail-type cells 
further indicate a diagnosis of nephrogenic adenoma.>*°! 


Microcystic Variant 

Young and Zukerberg*” described four cases of invasive 
urothelial carcinoma characterized by the formation of 
microcysts. The pattern was similar to some foci of tubular 
differentiation included in the “nested variant” of Murphy 
and Deana and “deceptively benign-appearing” bladder 
cancer of Talbert and Young.” The cases included lesions 
with intermediate- to high-grade urothelial carcinoma 
having areas of microcystic and/or macrocystic change 
or tubular (glandular) differentiation. Microcysts can be 
identified in up to 1% of urothelial carcinomas, most of 
which are high grade and high stage.*°3° The cysts and 
tubules may be empty, or contain necrotic debris or mucin 
(Fig. 6-68). In my experience the nested and microcystic 
patterns often coexist. If the lining cells become flattened 
with scant cytoplasm, the spaces can mimic lymph—vascular 
channels (Fig. 6-69). 
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with variably sized cystic spaces and some solid nests. 


It is important to distinguish cystic change in urothelial 
carcinoma from benign and malignant mimics. It may be 
confused with benign proliferations such as cystitis cys- 
tica and glandularis and nephrogenic adenoma. Clues to 
nephrogenic adenoma include the presence of a papillary 
component (papillae covered by a single layer of cells), 
prominent basement membrane around the tubules, and a 
heterogeneous lining with attenuated, cuboidal, and hobnail 
cells.*°°3°! There can be a fibromyxoid background that could 
be confused with a stromal response to tumor invasion.*° 
The presence of significant nuclear atypia at least focally and 
areas of typical invasive urothelial carcinoma allow accurate 
separation. More problematic is the separation of the micro- 
cystic pattern of urothelial carcinoma and adenocarcinoma 
of the bladder. The diagnosis of adenocarcinoma should be 
restricted to pure tumors with true gland formation.'+!> In 
microcystic urothelial cancer, the lining cells are urothelial 


with the tumor cells having scant cytoplasm producing structures 
that mimic lymph—vascular spaces. 
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This case mimics nephrogenic adenoma. 


and the spaces formed are pseudoglandular and not true 
glands. 


Urothelial Carcinoma with Small Tubules 

In some cases of urothelial carcinoma there are areas of the 
tumor with the formation of small- to medium-sized tubular 
structures, some of which can be elongated (Fig. 6-70).!773% 
The tubules are lined by urothelial cells and show some 
degree of nuclear pleomorphism. This generally occurs in 
the setting of a usual type of urothelial carcinoma but in lim- 
ited biopsy material it is possible that this could be diagnos- 
tically challenging. There is considerable overlap between 
this feature and the microcystic pattern described above. The 
major differential diagnosis is with cystitis glandularis and 
nephrogenic adenoma. These tumors are distinguished from 
benign conditions using the same features already described 
in the preceding sections on the nested and microcystic vari- 
ants. In one reported example the tubular pattern closely 
resembled prostatic adenocarcinoma.*” 


Micropapillary Variant 

The occurrence of this distinctive morphologic variant of 
carcinoma in the urinary bladder was first presented in detail 
by Amin et al.’ in a description of 18 patients. A recent 
review article summarized 268 cases of micropapillary uro- 
thelial carcinoma (including those originating in the ureter 
and renal pelvis) culled from the literature.” There are no 
distinctive epidemiologic features. Although one series sug- 
gests that the greater the proportion of the micropapillary 
component the more aggressive the tumor,'° most recom- 
mend diagnosing this variant irrespective of the propor- 
tion present.*"' It is estimated to constitute 0.6% to 1.0% 
of urothelial carcinomas” and is clinically significant for its 
aggressive clinical course and propensity for extensive and 
deep invasion.*°*3"4 Cases with as little as 10% micropapil- 
lary morphology have been shown to have this aggressive 
behavior.*!> The tumor has been described elsewhere in the 
urothelial tract.*!®3!7 When seen in biopsy or transurethral 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


376 Urological Pathology 


Lomb Pee N T cti 


Figure 6-71 WŒ Micropapillary variant of urothelial carci- 
noma. The tumor in this case was 90% micropapillary. 


resection specimens, a repeat resection of the area is indi- 
cated if muscle invasion is not demonstrable in the origi- 
nal material. Occult lymph node metastases were present 
in 27% of cases at the time of cystectomy in one series.*!! 
Some authors have advocated immediate cystectomy in T1 
cases.*!8 

There are no unique gross pathologic features although 
these can produce a diffuse thickening of the bladder wall 
similar to linitis plastica (Fig. 6-71). The tumor is composed 
of cytologically malignant cells arranged in small pseudopap- 
illary clusters. A similar pattern is identifiable in urine cytol- 
ogy specimens.*!’ At low magnification, the striking pattern 
of small tumor cell nests with prominent tissue retraction is 
immediately evident (Box 6-5) (Figs. 6-72 and 6-73). The cells 
often have the nuclei toward the outer aspect of the nests with 
a tapering of cytoplasm centrally (Fig. 6-74). This mimics 
a papillary structure; however, a true fibrovascular core 
is absent (Fig. 6-75). It has been hypothesized that this 


Box 6-5 @ MICROPAPILLARY VARIANT — 


CRITERIA FOR DIAGNOSIS 


Diffuse retraction artifact 
Multiple nests in some spaces 
Small size of nests 

Peripheral location of nuclei 
Epithelial ring forms 


Figure 6-72 W Micropapillary variant of urothelial carci- 
noma in a TURBT chip. 


architectural growth is related to an inversion (reverse api- 
cal) of the location of the MUC1 protein.*!? These clus- 
ters are usually floating free in an empty space suggesting 
lymph-—vascular invasion. Although most of these spaces 
appear related to tissue retraction artifact, extensive lymph- 
vascular invasion is generally present (Fig. 6-76). The tumor 
is often associated with overlying CIS. In some cases the 
pattern mimics adenocarcinoma and combined with the fre- 
quent expression of CA125, it has been suggested that this 
may represent a type of glandular differentiation.*”° A sur- 
face micropapillary pattern has been described in some cases 
with slender delicate filiform projections that lack a central 
fibrovascular core. These tumors are often quite extensive 
at the time of resection and can spread widely. Care should 
be taken when evaluating ureter resection margins at frozen 
section as the tumor can be found in the periureteral soft 
tissue (Fig. 6-77). The tumor retains this distinctive mor- 
phology in metastases. This is important when a biopsy 
from a lymph node or other presumed metastasis shows this 
morphology (Fig. 6-78). In cases of an unknown primary, 


er Bab a 


variant of urothelial carci- 
noma in a section from a cystectomy specimen. 
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Figure 6-74 W Micropapillary variant of urothelial carci- 
noma in the lamina propria. 
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Figure 6-76 Œ Micropapillary variant of urothelial carcinoma (A) with some of the nests in spaces lined by CD34-positive cells (B). 
Note the usual urothelial carcinoma component in the upper left. 


FiGuRE 6-77 


E Micropapillary variant of urothelial carci- i : s , ieee 
noma involving a ureter resection margin (the surgeon could not Figure 6-78 WE Micropapillary variant of urothelial carci- 
get a clear margin in this case). noma metastatic to a pelvic lymph node. 
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bladder origin should be considered and secondly in cases 
with known bladder cancer this could represent a metastasis 
from the known primary. 

The immunophenotype is similar to usual urothelial 
carcinoma with most expressing cytokeratin 7 (100%), 
cytokeratin 20 (54% to 90%), high molecular weight cyto- 
keratin (34BE12, 15% to 54%), p63 (27%), epithelial mem- 
brane antigen (EMA) (100%), CEA (65%), thrombomodulin 
(23%), and uroplakin III (77% to 92%),53744310312,314,321,322 
The vast majority are MUCI and MUC2 positive?!43!93! 
although this does not distinguish the micropapillary vari- 
ant from usual urothelial carcinoma with retraction artifact. 
There is no expression of MUC5A, MUC6, or CDX2.3"4 P53 
overexpression is present in up to 100% of cases.3"4 

Morphologically, the tumor bears a striking resemblance 
to serous papillary carcinoma of the ovary, a differential 
diagnosis that may require clinical correlation for exclusion 
in female patients. One feature of note is that psammoma 
bodies are extremely rare in the bladder tumor. The pres- 
ence of a typical urothelial carcinoma component in the 
invasive carcinoma and/or the presence of a surface com- 
ponent would support interpretation as a bladder primary. 
Immunohistochemistry could also be of assistance with 
cytokeratin 20 and uroplakin positivity supporting a bladder 
origin and WT-1 positivity supporting a serous ovarian car- 
cinoma.*” Metastatic micropapillary carcinoma from other 
organs where this histology occurs such as lung and breast 
should also be considered. Clinical correlation may be nec- 
essary in some cases; immunohistochemistry for TTF-1 
(ung) and mammaglobin (breast) may be of value“ A 
small percentage (5%) of urothelial carcinomas will express 
TTF-1.2° 

The micropapillary variant must also be distinguished 
from retraction artifact in usual urothelial carcinoma. In the 
latter, this is typically focal and scattered, whereas in the 
micropapillary variant, the clefts surround virtually all of 
the tumor nests. The features that best distinguish this from 


usual urothelial carcinoma with retraction artifact are mul- 
tiple nests in single spaces, peripherally located nuclei, intra- 
cytoplasmic vacuolization, back-to-back spaces, epithelial 
ring forms, small nests (<4 cells across), and extensiveness 
of the spaces.” 


Plasmacytoid Variant 

Rare carcinomas of the urinary bladder can mimic malignant 
lymphoma. Small cell carcinoma and lymphoepithelioma- 
like carcinoma are discussed elsewhere. Zukerberg et al.” 
described two cases of bladder carcinoma that diffusely per- 
meated the bladder wall and were composed of cells with 
a monotonous appearance mimicking lymphoma. Similar 
tumors have been referred to as plasmacytoid or lobular 
carcinoma-like and have been included in some series as sig- 
net ring carcinomas.**>>”° In the original description of signet 
ring cell carcinoma of the bladder, Saphir**! reported two cases 
of signet ring cell carcinoma that contained “monocyte-like” 
cells. The resemblance to lobular carcinoma of the breast has 
also been noted.’ These are aggressive tumors with over 
95% of cases locally advanced (T3/4) and/or with lymph 
node metastases at the time of presentation.” 37732332 In 
the 16 cases with follow-up reported by Nigwekar et al.” 
11 patients were dead from disease (1 to 43 months; median, 
6 months) and the remaining 5 were alive but with known 
disease. These also have an unusual predilection for involv- 
ing peritoneal surfaces.” 

These tumors may not produce a discrete mass but rather 
produce thickening of the bladder wall with a linitis plastica- 
like appearance. Edema of the mucosa can be present. This 
feature is important; in a bladder biopsy or transurethral 
resection with a clinical impression of a tumor, the pres- 
ence of mucosal edema should raise this possibility and a 
careful examination for rare tumor cells should be under- 
taken (Fig. 6-79). In some instances, it may be appropriate to 
use immunohistochemistry with a pancytokeratin antibody 
to be certain not to miss a few of these cells. The tumor 


Figure 6-79 W Plasmacytoid variant of urothelial carcinoma in a TURBT specimen. The mucosa is edematous (A) with the tumor 


cells in the deep lamina propria (B). 
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Figure 6-80 W Plasmacytoid variant of urothelial carcinoma 
in the lamina propria. 


cells are medium sized with pale eosinophilic cytoplasm 
and eccentric nuclei producing the plasmacytoid appear- 
ance (Fig. 6-80). The appearance can be strikingly plasma 
cell-like such that plasmacytoma is strongly considered in 
the differential diagnosis.*** In some cases, the cytoplasm 
is more basophilic. Many cells have an area of perinuclear 
clearing that may be mucin positive. In all cases, a minority 
of cells have true signet ring morphology. The nuclei tend 
to be round or indented with prominent nucleoli in a minor- 
ity. Overall there is a more uniform nuclear appearance than 
typical of urothelial carcinoma (Fig. 6-81). The cells tend to 
infiltrate as single cells (Fig. 6-82) or cords of cells but can 
also form nests and sheets (Fig. 6-83). The diffusely perme- 
ative nature results in the tumor being more extensive than 
appreciated clinically or on gross examination. These can be 
extremely challenging at frozen section evaluation of ureter 
margins, and knowledge of the histology is very helpful in 
avoiding false-negative interpretations. Typical urothelial 


Figure 6-81 W Plasmacytoid variant of urothelial carcinoma 
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Figure 6-82 W Plasmacytoid variant of urothelial carcinoma 
infiltrating between smooth muscle bundles of the muscularis propria. 


carcinoma, often a surface papillary carcinoma, is present 
in the majority of cases. The diagnosis of carcinoma can 
be confirmed by positive immunoreactivity for cytokera- 
tin, EMA, and CEA with negative reactivity for lymphoid 
markers. 

The differential diagnostic considerations are plasmacy- 
tosis, lymphoma, and multiple myeloma. Identification of 
an epithelial component confirms the diagnosis. If immu- 
nohistochemistry is needed, a pancytokeratin is most use- 
ful. These tumors have been reported to be immunoreactive 
for CD138, a plasma cell marker, in over 90% of cases 
(Fig. 6-84).32°35° The possibility of metastasis from another 
site can also be considered in pure tumors. These tumors 
have an immunohistochemical profile similar to usual uro- 
thelial carcinoma with expression of cytokeratins 7 (70% to 
100%) and 20 (31% to 100%), p63, and uroplakin IH (11%) 
(Fig. 6-85). In one study, all 5 cases showed loss of 
E-cadherin expression,” and in another, 7 of 10 lacked 


illustrating the morphologic range of the individual cells. A few 
tumor cells have cytoplasmic vacuoles. 


with the cells forming more defined nests. 
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with strong immunoreactivity for CD138. 


E-cadherin expression (Fig. 6-86). Like urothelial carci- 
noma, these tumors can express estrogen and progesterone 
receptors in a minority of cases,” an important feature to 
recognize if the possibility of metastatic carcinoma of the 
breast is considered. 
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Figure 6-85 W Plasmacytoid variant of urothelial carcinoma 
with positive immunoreactivity for cytokeratins 7 (A) and 20 (B) 
but not for p63 (C). 


Figure 6-86 W Plasmacytoid variant of urothelial carcinoma 
with loss of expression of E-cadherin. 


Lymphoepithelioma-like Variant 

Carcinoma that histologically resembles lymphoepitheli- 
oma of the nasopharynx has been described in the urinary 
tract.?3333634 Tt is more common in men than in women, occurs 
in late adulthood, and is not associated with Epstein-Barr 
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virus infection.?83341-343 The clinical significance of lym- 
phoepithelioma-like carcinoma rests with its apparent respon- 
siveness to chemotherapy. In four cases reported from the 
MD Anderson Cancer Center, there was complete response to 
transurethral resection combined with chemotherapy, allow- 
ing preservation of the bladder.*° Some subsequent reports 
have confirmed this apparent distinct responsiveness**?**! 
while others have not.” This response is related to tumors 
with pure or predominantly lymphoepithelioma-like histol- 
ogy; tumors with a significant urothelial component behave 
as usual urothelial carcinoma.™! It is important to report 
whether these case are pure or mixed; if mixed it is helpful to 
indicate the proportion of the typical urothelial component. 
The tumor usually presents as a sessile mass. Histologically 
it may be pure or mixed with typical urothelial carcinoma, 
the latter being focal and inconspicuous in some instances. It 
can be limited to urothelial CIS on the surface. Glandular and 
squamous differentiation can be seen. The tumor is composed 
of nests, sheets, and cords of undifferentiated cells with large 
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pleomorphic nuclei and prominent nucleoli. The cytoplas- 
mic borders are poorly defined, giving a syncytial appear- 
ance (Fig. 6-87). The background consists of a prominent 
lymphoid stroma that includes lymphocytes, plasma cells, 
histiocytes, and occasional neutrophils or eosinophils. The 
inflammatory cells can spare the syncytial islands or can be 
admixed with the epithelial element obscuring it (Fig. 6-88). 

Immunohistochemical studies show an expression pattern 
consistent with urothelial origin (Fig. 6-89). The carcinoma 
cells express pancytokeratin (AE1/AE3; 100%), cytokera- 
tin 7 (majority, 100%), cytokeratin 20 (15% to 100%), and 
EMA (100%).?33733934 The lymphoid cells express both 
B- and T-cell markers.?* 

The major differential diagnostic considerations are poorly 
differentiated urothelial carcinoma, squamous cell carci- 
noma, and lymphoma, with the latter being most important. 
Differentiation from lymphoma may be difficult, but the pres- 
ence ofa syncytial pattern of large malignant cells with a dense 
polymorphous lymphoid background is an important clue. 
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Immunohistochemistry shows cytokeratin expression in the 
malignant cells. It is possible to overlook the malignant cells 
in the background of inflamed bladder mucosa and misdiag- 
nose the condition as florid chronic cystitis. Cases submitted 
by the urologist as “tumors” or “masses” should be carefully 
evaluated for the presence of malignant cells; in difficult cases, 
immunohistochemistry should be employed as an adjunct to 
define an epithelial component within the inflammation. 


Inverted Papilloma-like Urothelial Carcinoma 
(Urothelial Carcinoma with Inverted Features) 

In 1976, Cameron and Lupton” described two cases of uro- 
thelial carcinoma that mimicked inverted papilloma archi- 
tecturally, but possessed high-grade cytologic abnormalities. 
There are no specific epidemiologic features to this vari- 
ant.” The high frequency of FGFR3 gene mutations in these 
tumors indicates that the majority of these tumors likely rep- 
resent a variant of papillary urothelial carcinoma.** A pro- 
posed classification for inverted papilloma-like carcinoma is 
presented in Table 6-12. There is insufficient published data 
to indicate whether these behave in a manner different than 
what would be expected with usual urothelial carcinoma on 
a stage for stage basis.“ There is data in the literature stating 


Table 6-12 m CLASSIFICATION OF INVERTED 
UROTHELIAL TUMORS 


nverted urothelial papilloma 

nverted papillary urothelial neoplasm of low malignant 
potential 

nverted papillary urothelial carcinoma, low grade, 
noninvasive 

nverted papillary urothelial carcinoma, high grade, 
noninvasive 

nverted papillary urothelial carcinoma, high grade, invasive 


Modified from Epstein J, Amin M, Reuter V. Bladder Biopsy Inter 
pretation. Philadelphia, PA: Lippincott Williams & Wilkins; 2010. 


ares Wwe. 
Figure 6-89 Œ Lymphoepithelioma-like variant of urothelial carcinoma with positive immunoreactivity for high molecular weight 
cytokeratin 34BE12 (A) and p63 (B). 
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that urothelial carcinomas that invade with a pushing front 
have a better outcome than those with a more infiltrative pat- 
tern of growth.?4225 

The potential for misinterpretation of such cases as 
inverted papilloma has been confirmed by other authors.*85°? 
In a few cases, the tumor architecture is almost identical to 
inverted papilloma. In most cases, however, these carcino- 
mas grow with more of a broad pushing front (Fig. 6-90) or 
variably sized nests (Box 6-6; Fig. 6-91). In the latter, the 
nests are both discrete and confluent. The amount of stroma 
tends to be variable from area to area in contrast to inverted 
papilloma where there is minimal stroma. Trabecular archi- 
tecture when present is much more variable with respect 
to the size and width of the trabeculae when compared to 
inverted papilloma (Fig. 6-92). By definition, this variant 
of urothelial carcinoma has significant nuclear pleomor- 
phism, mitotic figures, and architectural disruption. The 
well-defined palisading of the basal layer nuclei, maturation 


Figure 6-90 E Inverted papilloma-like variant of urothelial 
carcinoma with broad pushing borders. 
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Box 6-6 @ INVERTED VARIANT —CLUES TO 


DIAGNOSIS 


Broad pushing front 

Large nests 

Significant cytologic atypia 
Exophytic papillary component 
Areas with abundant stroma 


toward the center of the trabeculae, and spindling of the 
cells typical of inverted papilloma is absent or at most 
poorly developed. In most, the overlying epithelium has 
similar abnormalities. The complex anastomosing trabecu- 
lar architecture typical of inverted papilloma is rarely a fea- 
ture. An exophytic papillary or typical invasive component 
is often associated with the inverted element (Fig. 6-93). In 
contrast, the coexistence of inverted papilloma with papil- 
lary carcinoma is exceedingly rare. In contrast to inverted 
papilloma, these tumors harbor the cytogenetic changes of 
urothelial carcinoma.“ In contrast to inverted urothelial car- 
cinoma, immunohistochemical studies have shown inverted 
papilloma to have a low proliferation rate with Ki-67, a nor- 
mal expression pattern of cytokeratin 20, and no overex- 
pression of p53.*8 

More problematic than distinguishing these from inverted 
papilloma is determining if there is invasion present or if the 
tumor is a noninvasive low-grade papillary urothelial carci- 
noma with inverted architecture.” Features of invasion are 
discussed in detail later in the chapter in a section devoted 
to this topic and are not repeated in detail here. Clues to the 
presence of invasion in this specific setting include more 
irregular contours to the nests with more variable size and 
shape including the presence of jagged edges.“ 


Giant Cell Variant 
Giant cells have been reported in bladder tumors in a variety 
of different contexts. Giant cell carcinoma with malignant 


Figure 6-91 E Inverted papilloma-like variant of urothelial 
carcinoma with large variably shaped nests. 
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Figure 6-92 E Inverted papilloma-like variant of urothelial 
carcinoma with trabecular architecture closely mimicking inverted 
papilloma. Not the marked variability in the size of the trabeculae. 


epithelial giant cells has been described.**+**° There are 
insufficient cases in the literature to make any major conclu- 
sions regarding epidemiologic aspects of this tumor. Most 
have occurred in older men and have been associated with a 
very poor prognosis. 

Morphologically, these tumors have similarity to giant 
cell carcinoma of the lung. There are no characteristic gross 
features. In most cases there is an associated usual urothe- 
lial carcinoma component although one case of pure giant 
cell carcinoma is described.’ The giant cells may have sin- 
gle nuclei or be multinucleated with marked nuclear pleo- 
morphism and frequent mitoses including abnormal forms 
(Fig. 6-94). The tumors can be solid or composed of smaller 
infiltrating nests. Immunohistochemistry shows expression 
of cytokeratins and EMA in the giant cells with variable 
expression of p63, thrombomodulin, and uroplakin.* 

The major differential diagnosis includes other situa- 
tions in which giant cells can be present in association with 


paka chs CaM E 2 RS oN 
Figure 6-93 E Inverted papilloma-like variant of urothelial 
carcinoma with prominent trabecular architecture and a minor exo- 
phytic papillary component. 
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Figure 6-94 W Giant cell variant of urothelial carcinoma. 


urothelial carcinoma (Table 6-13). Most frequently, benign 
giant cells normally present to varying degrees in the lamina 
propria could be confused with tumor giant cells.**” In the 
past, the term “giant cell cystitis” has been applied when 
these cells were particularly prominent.” These cells tend 
to be stellate in shape with multiple small nuclei. They may 
be more prominent in the vicinity of tumors and in patients 
treated with radiation or chemotherapy.*”” 

Rarely osteoclastic giant cells occur in invasive high-grade 
urothelial carcinoma.” These giant cells have abundant 
eosinophilic cytoplasm and numerous small, round, regular 
nuclei and stain positively for vimentin and tartrate-resistant 
acid phosphatase but not for epithelial markers. 

Giant cells are also seen in association with urothelial 
carcinoma in three other situations. Urothelial carcinoma 
can show trophoblastic differentiation with formation of 
syncytiotrophoblastic giant cells. In patients who have 
received BCG therapy, a granulomatous response that 
includes Langhans giant cells can be seen. These are well- 
formed granulomas that do not show caseous necrosis. Also, 
in patients who have undergone prior resection or biopsy, 
foreign body—type giant cells may be seen. In the setting of 
prior transurethral resection these often contain cauterized 
tissue fragments allowing the inference of a prior resection 
when no history has been provided. 


Table 6-13 m DIFFERENTIAL DIAGNOSIS OF 


UROTHELIAL CARCINOMA WITH GIANT CELLS 


Benign giant cells 
Multinucleated stromal giant cells 
Foreign body giant cells (associated with prior 

instrumentation) 

Langhans giant cells in granulomas following BCG therapy 
Osteoclastic giant cells 

Malignant giant cells 
Pleomorphic carcinoma giant cells (giant cell carcinoma) 
Sarcomatoid carcinoma with pleomorphic spindle cells 


Syncytiotrophoblastic giant cells 


Urothelial Carcinoma with Trophoblastic 
Differentiation 

Giant cells may also be found in urothelial carcinoma associ- 
ated with human chorionic gonadotropin (HCG) production, 
and are indicative of syncytiotrophoblastic differentiation.**! 
Some patients with significant B-HCG production have 
developed gynecomastia. Production of HCG by urothelial 
carcinoma can be frequently demonstrated by immunohis- 
tochemistry (up to 35%) and can be detected in the serum 
of bladder cancer patients. In one study, 20% of patients 
with metastatic urothelial carcinoma had an elevated serum 
B-HCG.*” In another report, serum B-HCG was elevated 
in 76% of patients with metastatic disease compared with 
3% of those with localized tumors.**? In patients treated 
with chemotherapy, the serum B-HCG decreased in parallel 
with tumor response and subsequently increased when the 
therapy failed.**? These and other studies led to the interest in 
the utility of serum B-HCG in patient management.’ These 
observations reflect the immunohistochemical studies show- 
ing a strong correlation between histologic grade and stage 
and expression of HCG.**'*°°*°¢ The clinical significance of 
this finding is uncertain. There have been reports that tumors 
expressing HCG are more resistant to external beam radio- 
therapy.” It has also been demonstrated that B-HCG pro- 
duction by epithelial tumors can act as an autocrine growth 
factor inhibiting apoptosis.*°’ The presence of choriocarci- 
noma in the bladder is associated with a highly aggressive 
clinical course. 

Tumors with choriocarcinomatous differentiation have 
frequently been described as hemorrhagic. Histologically, 
many tumors expressing B-HCG have no morphologic 
features distinct from any other high-grade urothelial car- 
cinoma.”**?5! In other cases, pleomorphic tumor giant cells 
that are present are positive (Fig. 6-95); in far fewer cases 
there are B-HCG-positive cells present that morphologi- 
cally resemble syncytiotrophoblastic giant cells. In the latter 
instance, the combination of mononuclear and multinucle- 
ated trophoblastic cells produces areas that histologically are 
indistinguishable from choriocarcinoma (Fig. 6-96).**! The 
B-HCG-producing variant of urothelial carcinoma can be 
present with other variant histology including micropapil- 
lary and plasmacytoid.***3 Identification of B-HCG expres- 
sion by immunohistochemistry does not currently have any 
known clinical significance and so routine staining of high- 
grade tumors is not indicated. The presence of true tropho- 
blastic differentiation does seem to indicate a poor prognosis 
and if present should be diagnosed. 

In cases with pure trophoblastic histology the differen- 
tial diagnosis of primary or metastatic choriocarcinoma 
should be considered. A diagnosis of a pure choriocarci- 
noma requires exclusion of an urothelial component. It 
does appear that true primary choriocarcinoma of the blad- 
der exists with the demonstration of isochromosome 12 in 
one such tumor.” Careful clinical evaluation is required 
to exclude the possibility of metastasis from a gonadal or 
extragonadal germ cell tumor. 
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Figure 6-95 Œ Urothelial carcinoma with pleomorphic tumor cells (A) that react positively for B-HCG (B). 


Urothelial Carcinoma with Osteoclastic Giant Cells 
Osteoclastic giant cells can be found in some cases of bladder 
carcinoma. Fewer than 20 such cases have been reported in 
the literature at the time of this writing.!” There are no spe- 
cific epidemiologic features with most being reported in older 
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men.*?35°36!-365 There are a disproportionate number of cases 
that have arisen in the renal pelvis.” Based on the limited 
available data, it is difficult to ascertain with certainty the 
clinical significance of these tumors.*°°3" In one review, 
the authors conclude that these are aggressive tumors with a 


Figure 6-96 W Urothelial carcinoma with trophoblastic dif- 
ferentiation mimicking choriocarcinoma (A). The giant cells show 
positive immunoreactivity for B-HCG (B) and inhibin (C). 
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Figure 6-97 WE Sarcomatoid urothelial carcinoma with osteoclastic giant cells at low (A) and high (B) magnification. 


“dismal prognosis”? while in a second review, the authors 


conclude that prognosis is dependent on the features of the 
associated urothelial tumor and that the giant cell tumor com- 
ponent itself carries a good prognosis.*® For cases arising in 
the urinary bladder where follow-up information was avail- 
able, there were six patients alive with no evidence of disease 
(follow-up of 2, 8, 12, 18, 35, and 42 months)*44793%°7; one 
patient developed recurrent urothelial carcinoma following 
TURBT and was alive without evidence of disease in the sec- 
ond year,™ one case had local recurrence requiring exentera- 
tion with no further recurrence at 6 months*’; one patient 
died of an unrelated cause at 33 months with no tumor found 
at autopsy*“’; and lastly one patient died of disease at 1 year.’ 

Many of these tumors have a polypoid appearance on 
gross examination. Histologically, a variety of patterns can 
be seen with all having in common the presence of osteo- 
clastic giant cells. The giant cells are large and multinu- 
cleated with numerous small round nuclei that tend to be 
clustered in one part of the cell (Fig. 6-97). There is no pleo- 
morphism of the nuclei. Histochemistry has demonstrated 
the presence of tartrate-resistant acid phosphatase.*?3*! 
By immunohistochemistry they express CD68, CD51, and 
CD54 (Fig. 6-98).*°°3*! These results confirm that these are 
histiocytic in nature and more specifically have features of 
normal bone osteoclasts. 

Osteoclastic giant cells can be present in association with 
usual urothelial carcinoma including papillary tumors and 
CIS. In over 90% of reported cases, there is an associated 
urothelial carcinoma component.*” In several examples, 
the giant cell tumor—like process was identified underlying 
a noninvasive low-grade papillary urothelial carcinoma. In 
other cases, they are present with a sarcomatoid carcinoma 
composed of malignant spindle cells arranged in fascicles 
or with a myxoid background. Finally, the giant cells may 
be embedded in a background of mononuclear cells that can 
have variable degrees of nuclear pleomorphism. Cases with 
areas closely resembling the histology of giant cell tumors 
of bone are also described.**! In all of these situations, the 
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background cells were epithelial in derivation and showed 
variable immunoreactivity for epithelial markers (cytoker- 
atins including pancytokeratin, cytokeratins 7 and 20, and 
high molecular weight cytokeratin).>° Positivity for p63 can 
be found. 

Diagnostic terminology for these tumors has been var- 
ied. In the presence of an identifiable urothelial component 
we refer to these as urothelial carcinoma with osteoclastic 
giant cells; if a sarcomatoid component is present, then 
this is also included. The term osteoclast-rich undifferenti- 
ated carcinoma has also been advocated.**” In the six cases 
reported by Baydar et al.,>°° all had a recognizable urothelial 
carcinoma component. We would limit the term undifferenti- 
ated carcinoma to cases with a background of mononuclear 
epithelial-derived cells without a recognizable urothelial or 
sarcomatoid component and lacking a urothelial carcinoma 
immunohistochemical expression pattern. 

The differential diagnosis includes tumors with other 
types of giant cells including benign giant cells such as the 
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Figure 6-98 W The osteoclastic giant cells show positive 
immunoreactivity for CD68. 
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6-99 E Urothelial carcinoma with villoglandular 
differentiation. 


normal multinucleated stromal cells, foreign body giant 
cells, and giant cells of BCG-related granulomas. Malignant 
tumor giant cells and syncytiotrophoblastic giant cells 
should also be considered. 


Urothelial Carcinoma with Villoglandular 
Differentiation 

Some urothelial carcinomas have a component characterized 
by fine filiform papillae covered by a glandular epithelium.™ 
The epidemiologic features are identical to usual urothe- 
lial carcinoma, and there is no specific clinical significance 
attributed to this histologic variant. 

This histology has always accompanied usual urothelial 
carcinoma including noninvasive papillary carcinoma but 
is more often associated with invasive carcinomas includ- 
ing tumors with glandular differentiation and other variant 
histology. The most characteristic feature is the presence of 
exophytic finger-like or long filiform processes on the tumor 
surface (Fig. 6-99). The glandular epithelium contains true 
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Figure 6-100 E Urothelial carcinoma with villoglandular 
differentiation. 
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glandular spaces and mucin-secreting cells. These glands 
are often lined by a columnar or cuboidal epithelium. A 
cribriform architecture is present in many while others have 
slit-like glandular spaces (Fig. 6-100). In cases with a high- 
grade papillary component, the glandular epithelium is 
intermingled with the high-grade urothelial component. 

The differential diagnosis includes adenocarcinoma in 
situ. We reserve this term for pure glandular in situ lesions 
that in the bladder manifest most often as high-grade dys- 
plastic change in areas of intestinal metaplasia. These can 
also present as villous adenoma with high-grade dysplasia. 
Urothelial carcinoma with villoglandular differentiation has 
a urothelial component and the finger-like processes are not 
covered by an enteric type of adenomatous epithelium. The 
presumed in situ pattern of micropapillary carcinoma has 
small thin delicate filiform processes but these are covered 
by cells having eosinophilic to clear cytoplasm and glan- 
dular features are not present. Urothelial carcinoma with 
glandular differentiation is most often applied to invasive 
urothelial carcinoma. In cases of urothelial carcinoma with 
villoglandular differentiation, and with glandular differen- 
tiation in the invasive component, use of both designations 
would be appropriate. In limited biopsies where there is 
no urothelial component present, it may not be possible to 
exclude secondary involvement of the bladder by an adeno- 
carcinoma of colorectal origin without clinical correlation. 


Urothelial Carcinoma with Abundant Myxoid 
Stroma 
Invasive urothelial carcinoma typically has a stromal 
response that can vary from desmoplastic to myxoid. In 
some cases, the myxoid stroma is pronounced with abun- 
dant extracellular mucin.””” The epidemiologic features are 
similar to usual urothelial carcinoma and there is no specific 
clinical significance to this histology. 

This term has been applied to cases of invasive urothe- 
lial carcinoma where the myxoid stoma consists predomi- 
nantly of mucinous material (Fig. 6-101). The urothelial 
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carcinoma with abundant myxoid stroma. 
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carcinoma can have any morphologic pattern, but cases 
with glandular differentiation are excluded as these are 
more correctly classified in the mixed differentiation 
category. The carcinoma grows in variably sized nests, 
trabeculae, cords, or as single cells. The cells have moder- 
ate to abundant eosinophilic cytoplasm and most do not 
contain obvious cytoplasmic mucin. When the cells have 
scant cytoplasm and are ranged in a more filigree or anas- 
tomosing cord-like architecture the term “chordoid” is 
applied. Most have high-grade cytology though cases with 
histology reminiscent of the nested variant can have this 
stroma. Mucin stains (Alcian blue, mucicarmine, periodic 
acid—Schiff [PAS]) will highlight the extracellular mucin 
and demonstrate cytoplasmic positivity. The immunohis- 
tochemical profile reflects the urothelial nature.” These 
tumors also express MUC2 and MUC3 and are CDX2 
negative.” 

The major differential diagnosis is with urothelial car- 
cinoma with glandular differentiation. These tumors can 
have a mucinous or colloid pattern, but the cells take on 
a glandular morphology that is most often enteric in type. 
Secondary involvement of the bladder by a mucinous 


Figure 6-102 W Urothelial carcinoma with chordoid fea- 
tures at low (A) and high (B) magnification; the tumor expresses 
p63 protein (C). 


carcinoma originating elsewhere could be considered. 
Mucinous carcinoma of the gastrointestinal tract has an 
enteric-type epithelium in contrast to urothelial carcinoma 
with myxoid stroma where the carcinoma looks urothelial. 
In mucinous carcinoma of the prostate the glands typi- 
cally look like usual prostatic adenocarcinoma glands with 
uniform nuclei and a single prominent nucleolus. If this is 
seriously entertained, immunohistochemistry will readily 
resolve the case. 


Urothelial Carcinoma with Chordoid Features 

In some cases of urothelial carcinoma with myxoid stroma, 
the carcinoma grows as cords within the myxoid matrix 
producing a pattern highly reminiscent of that seen in chor- 
doma.*” There are no specific epidemiologic features and no 
known specific prognostic significance to this morphologic 
variant. 

This pattern has always had an associated component of 
typical invasive high-grade urothelial carcinoma. The cells 
are small with scant eosinophilic to pale cytoplasm and are 
arranged in thin cords (Fig. 6-102). There is a mucinous back- 
ground that has a basophilic hue. The pattern is striking in its 
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Figure 6-103 E Clear cell variant of urothelial carcinoma 
that in this case was a noninvasive papillary tumor. 


resemblance to chordoma or yolk sac tumor. The mucinous 
material in the background is positive with colloidal iron and 
Alcian blue but not PAS.*° Cytoplasmic mucin is not pres- 
ent. This morphology may be retained in metastases. These 
tumors express usual urothelial carcinoma markers including 
p63 (100%) and high molecular weight cytokeratin (100%).>° 

The differential diagnosis is as discussed in the sec- 
tion on urothelial carcinoma with abundant myxoid stoma 
above.?”? In addition, sarcomatoid urothelial carcinoma 
should also be considered in the differential diagnosis 
since they can have a myxoid pattern to the sarcomatoid 
component.3”3”! In these cases, the cells have marked 
nuclear pleomorphism and cellular spindle cell areas are 
present. Myxoid mesenchymal tumors, particularly myx- 
oid leiomyosarcoma, occur in the bladder.’ These would 
lack an epithelial component and would express smooth 
muscle markers. 


ih 3 


Figure 6-104 W Clear cell variant of urothelial carcinoma 
invading as solid nests. 
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Clear Cell (Glycogen-rich) Urothelial Carcinoma 

It is important to recognize that urothelial carcinoma can 
occasionally show prominent cytoplasmic clearing due 
to the presence of glycogen.” This can occur in papillary 
tumors as well as invasive carcinomas. This is part of the 
morphologic diversity of urothelial carcinoma and has no 
specific epidemiologic or clinical features. 

The gross features reflect the tumor in which the cytoplas- 
mic clearing is occurring. Generally the tumor retains the 
architectural characteristics of the urothelial carcinoma. It 
can be seen in noninvasive papillary carcinoma (Fig. 6-103) 
and in invasive carcinoma (Fig. 6-104). In most cases, the 
histology is reminiscent of a glycogenated squamous epi- 
thelium of the female genital tract forming large islands or 
sheets. In rare examples, a nested morphology resembling 
renal cell carcinoma is present focally (Fig. 6-105). Glycogen 
can be demonstrated by histochemistry (Fig. 6-106). The 
immunohistochemical profile is that of urothelial carcinoma. 

The differential diagnosis includes clear cell adenocar- 
cinoma of the urethra/bladder*”*3" or metastatic clear cell 
renal cell carcinoma.*” Clear cell adenocarcinoma has 
papillary, solid, and tubular architecture with pleomorphic 
cells including cells with hobnail morphology. In general 
the cytoplasm tends to be more eosinophilic than clear. 
Metastatic clear cell renal cell carcinoma usually shows 
small nests or alveoli with a prominent sinusoidal vascular 
pattern. Cautery can also result in cytoplasmic clearing and 
should not be confused with variant histology. 


Lipid-rich (Lipoid) Urothelial Carcinoma 

Rare cases of bladder carcinoma having cells containing cyto- 

plasmic lipid have been reported.*”°*”’ These are too rare for any 

specific clinical significance to have been attributed to them; 

however, the prognosis in cases reported to date has been poor.” 
The individual tumor cells can mimic lipoblasts or signet 

ring cells with multiple intracytoplasmic vacuoles distorting 


Figure 6-105 W Clear cell variant of urothelial carcinoma 
that in some areas had small nests mimicking clear cell renal cell 
carcinoma. 
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Figure 6-106 W Clear cell variant of urothelial carcinoma (same case as Fig. 6-103) with demonstrable cytoplasmic glycogen (A, 


PAS; B, PAS with diastase digestion). 


the nucleus (Fig. 6-107). The tumors are solid or infiltrative. 
The lipid cell component can make up to 50% of the tumor 
volume with all cases reported to date having an associated 
typical urothelial carcinoma component. Stains for mucin and 
glycogen are negative. By inmunohistochemistry the profile 
is similar to high-grade urothelial carcinoma with variable 
expression of cytokeratins 7 and 20, high molecular weight 
cytokeratin, and thrombomodulin (Fig. 6-108). There is no 
immunoreactivity for S100 protein. Analysis using loss of 
heterozygosity has demonstrated similar abnormalities in the 
lipid cell component to the associated urothelial carcinoma.*”” 

The differential diagnosis includes other patterns of uro- 
thelial carcinoma with signet ring cells. Signet ring cell 
adenocarcinoma can occur as a pure tumor or mixed with 
urothelial carcinoma. In both the tumor cells contain mucin 
and have a single large mucin vacuole in the cytoplasm. In 
some cases the cytoplasm has a bubbly appearance. Mucin 
stains will resolve the differential diagnosis with the lipoid 


A 


of the cytoplasm. 


cell variant. Sarcomatoid carcinoma with heterologous ele- 
ments can include a liposarcomatous component. In these, 
the sarcomatous element will form a distinct component of 
the tumor rather than scattered lipoblast-like cells within 
usual urothelial carcinoma. The plasmacytoid variant of 
urothelial carcinoma also can have cells with cytoplasmic 
vacuoles in a minority of cells. The cells are small and dis- 
cohesive and the vacuoles represent mucin. Finally examples 
of primary liposarcoma of the bladder are described but this 
is excluded from consideration because of the epithelial 
nature of the lipoid variant. 


Urothelial Carcinoma with Rhabdoid Features 

Urothelial carcinoma with morphologic features reminis- 
cent of rhabdoid tumor of the kidney is well described.37*>* 
There are no specific epidemiologic features associated 
with this variant. One case has been described in a 2-year- 
old girl.” There are too few documented cases to indicate 
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Figure 6-108 W Lipid-rich variant of urothelial carcinoma 
with positive immunoreactivity for cytokeratin 7. The reactivity 
pattern highlights the microvesicular character of the cytoplasm. 


clinical behavior, but in several cases patients died shortly 
after diagnosis.**°+* It is likely that many of these cases have 
been classified as sarcomatoid carcinoma without the spe- 
cific rhabdoid designation. 

Grossly, these tumors can produce a polypoid mass. In 
most cases, they have been associated with invasive high- 
grade urothelial carcinoma but pure rhabdoid morphology 
can be seen.**8! Other variant histology including sarco- 
matoid carcinoma>”**° and small cell carcinoma have been 
reported associated with this subtype. The rhabdoid com- 
ponent is characterized by large, poorly cohesive cells with 
abundant eosinophilic cytoplasmic and eccentric nuclei hav- 
ing a single prominent macronucleolus (Fig. 6-109). The 
cytoplasm contains a large finely fibrillar eosinophilic inclu- 
sion. The cells occur singly, in small clusters, or in sheets. In 
most cases cytokeratin expression can be demonstrated with 
pancytokeratins or low molecular weight cytokeratin anti- 
bodies (cam 5.2).3*? Other epithelial markers such as EMA 
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Figure 6-109 W Urothelial carcinoma with 


rhabdoid cells. 
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can be positive. The cells do not express muscle markers or 
S100 protein.** 

The differential diagnosis includes rhabdomyosarcoma 
and sarcomatoid carcinoma with rhabdomyosarcomatous 
differentiation. In both, the rhabdoid cells would express 
markers of muscle rather than epithelial differentiation. A 
case of true extrarenal rhabdoid tumor of the urinary bladder 
has been reported.* True rhabdoid tumors have mutation 
or loss of the JN/I gene on chromosome 22q1 1.5% This can 
be demonstrated by loss of nuclear expression of INI1 by 
immunohistochemistry.**° We would be reluctant to make a 
diagnosis of extrarenal rhabdoid tumor in the urinary blad- 
der without loss of INI1 staining by immunohistochemistry. 


Sarcomatoid Urothelial Carcinoma 
(Carcinosarcoma) 
Tumors of the urinary tract can contain both malignant epi- 
thelial and malignant spindle cell components. In a report 
from a SEER (Surveillance Epidemiology and End Results 
Program) database, sarcomatoid carcinoma/carcinosarcoma 
was reported in 0.6% of patients with urothelial carcinoma.’ 
Various terms have been used for these neoplasms, including 
carcinosarcoma, sarcomatoid carcinoma, pseudosarcomatous 
transitional cell carcinoma, malignant mesodermal mixed 
tumor, spindle cell and giant cell carcinoma, and malignant 
teratoma.?”37237!38°-38 A common histogenesis for the epithe- 
lial and stromal elements of these tumors has been demon- 
strated.**°°?! It is currently recommended that these be reported 
under the term sarcomatoid carcinoma with the added descrip- 
tor of “with or without heterologous differentiation”’'* When 
present, the heterologous element(s) should be specified. 

Sarcomatoid carcinoma affects males more frequently 
than females (2-3:1) and tends to occur in older patients 
(seventh and eighth decades), with only rare cases in patients 
under the age of 50 years. Sarcomatoid urothelial carcinoma 
is highly malignant, with crude 1- and 2-year survivals of 
about 50% and 25%, respectively. A comparison of survival 
for 32 cases without heterologous elements and 24 cases with 
heterologous elements culled from the literature showed no 
significant difference between the two types.” This was also 
the conclusion of Lopez-Beltran et al.’ in an analysis of 
41 cases. Using a SEER database, Wright and Black reported 
that patients with carcinosarcoma have a significantly worse 
prognosis than those with sarcomatoid carcinoma (overall 1- 
and 5-year survivals of 48% and 17% compared with 54% 
and 37%). These data are limited by the lack of pathology 
review and the inconsistent use of terminology by patholo- 
gists. Presently these tumors are treated the same as high- 
grade urothelial carcinoma; in the MD Anderson Cancer 
Center series, many of the patients received adjuvant or neo- 
adjuvant chemotherapy.** 

Sarcomatoid carcinoma is usually exophytic, often with 
a polypoid or pedunculated growth pattern (Figs. 6-110 
and 6-111). Histologically, the tumors contain a mixture of 
carcinoma and malignant spindle cells (Fig. 6-112). The epi- 
thelial component is most often urothelial with squamous 
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Figure 6-110 Sarcomatoid urothelial carcinoma. The 
tumor forms a large polypoid mass. 


being the next most frequent; adenocarcinoma and small cell 
carcinoma can also occur (Figs. 6-113 and 6-114). In some 
cases, the epithelial component consists only of CIS, while 
in others the epithelial component cannot be recognized his- 
tologically, and special studies are required to prove the epi- 
thelial nature of the spindle cells. 

In most cases, the spindle cell component consists of 
pleomorphic cells in poorly formed fascicles without a 


Figure 6-112 Sarcomatoid urothelial carcinoma with 
interweaving fascicles of spindle cells. 
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Figure 6-111 Sarcomatoid urothelial carcinoma. A cross 
section from a sarcomatoid carcinoma highlighting the polypoid 
growth and in this case a narrow pedicle attached to the bladder wall. 


specific pattern of differentiation. In some cases the fasci- 
cles closely resemble those of leiomyosarcoma. In others, 
the fascicles are shorter and produce a storiform pattern. The 
individual cells can be rounded or elongate with abundant 
eosinophilic cytoplasm resembling rhabdomyosarcoma.**” 
In some cases, the architecture can even simulate angiosar- 
coma.*” Sclerosing and myxoid patterns can also be seen 
(Fig. 6-115).3” Individual cells usually have moderate to 


Figure 6-113 Sarcomatoid urothelial carcinoma with gan- 
dular differentiation. 
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Figure 6-114 E Sarcomatoid urothelial carcinoma where the 
tumor also showed squamous differentiation. 


severe nuclear atypia with frequent mitoses including abnor- 
mal forms. Infrequently the cells can be relatively bland. 
The merging of the epithelial and spindle cell components is 
helpful in the diagnosis. In some cases the epithelial element 
appears as discrete nests in a background of malignant spin- 
dle cells. Heterologous differentiation, when present, usually 
consists of chondrosarcoma (Fig. 6-116) (47%), osteosar- 
coma (31%), or rhabdomyosarcoma (24%). Other histologic 
types including leiomyosarcoma, malignant fibrous histio- 
cytoma, fibrosarcoma, and liposarcoma can also occur.3*8393 

Immunohistochemical studies have found the spindle 
cell element to express cytokeratin at least focally, although 
in some cases cytokeratin has not been demonstrable 
(Fig. 6-117A and B).?”373713°4395 Other epithelial markers 
such as EMA may also be expressed although less consis- 
tently. There is expression of p63 in about 50% of cases 
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Figure 6-116 WE Sarcomatoid urothelial carcinoma with an 
extensive chondrosarcomatous component. 
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Figure 6-115 WŒ Sarcomatoid urothelial carcinoma with a 
myxoid appearance. 
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(Fig. 6-117C). Coexpression of vimentin in the spindle cell 
component is usual. Occasionally, the spindle cells express 
muscle-specific actin, but are negative for desmin. There 
is no overexpression of ALK-1. Heterologous elements 
express markers appropriate to the type of differentiation. 

In cases with carcinoma and an atypical spindle cell 
component, the major differential diagnostic consideration 
is urothelial carcinoma with pseudosarcomatous stroma. In 
these cases, the reactive stroma can show sufficient cellu- 
larity and atypia to raise a serious concern of sarcomatoid 
carcinoma.”**38°39439 The stroma varies from myxoid with 
stellate or multinucleated cells to cellular and spindled with 
fascicle formation. By immunohistochemistry, the stromal 
cells show fibroblastic and myofibroblastic differentiation 
with vimentin and actin immunoreactivity; desmin is usually 
negative. The cells also express low molecular weight but 
not high molecular weight keratins. 

Osseous metaplasia is present in some cases of urothe- 
lial carcinoma, and this should be differentiated from an 
osteosarcoma component.™39398 This finding has also been 
described in metastatic urothelial carcinoma. The metaplas- 
tic bone is histologically benign, with a normal lamellar pat- 
tern; it is usually found adjacent to areas of hemorrhage. The 
cells in the adjacent stroma are cytologically benign. 

The giant cells of so-called giant cell cystitis should not be 
confused with sarcomatoid carcinoma. These cells typically 
have several small, round uniform nuclei and scant cytoplasm. 

In cases without obvious carcinoma, the main differ- 
ential diagnostic considerations are sarcoma or a benign 
spindle cell proliferation (postoperative spindle cell nodule 
or inflammatory myofibroblastic pseudotumor). Because 
of the rarity of primary bladder sarcoma, a malignant spin- 
dle cell tumor in the urinary bladder of an adult should be 
considered sarcomatoid carcinoma until proven otherwise. 
Extensive sectioning of the tumor and surrounding mucosa 
may reveal an in situ or invasive epithelial component. The 
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Figure 6-117 Œ Sarcomatoid urothelial carcinoma with the 
chondrosarcomatous component (same case as Fig. 6-116) show- 
ing positive immunoreactivity for cytokeratin 7 (A), high molecular 
weight cytokeratin 34BE12 (B), and p63 (C). 


most common primary sarcoma of the bladder in adults is 
leiomyosarcoma though virtually all sarcoma types are 
described.** Immunohistochemical studies with antibodies 
to low molecular weight cytokeratin may give evidence of 
epithelial differentiation; ultrastructural studies can also be 
helpful. 

Both postoperative spindle cell nodule and inflammatory 
myofibroblastic pseudotumor are characterized by a mixture of 
compact spindle cells with fascicle formation and more myx- 
oid areas with long, tapered or stellate spindle cells.” There 
is often a sprinkling of inflammatory cells in the background. 
There is minimal cytologic atypia, but mitotic activity can be 
brisk. By immunohistochemistry, the cells react like myofibro- 
blasts, but cytokeratin expression can be strong and diffuse.” 
In some cases, there is overexpression of ALK-1.*°4” These 
entities are dealt with in greater detail in Chapter 5. 


Prognosis and Predictive Factors 


Grading of Urothelial Carcinoma 
Grading of urothelial carcinoma has largely focused on pap- 
illary tumors. As discussed in the section on classification, 
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this has been an area of controversy and change. What is 
certain for papillary tumors is that histologic grade is a pow- 
erful predictor of tumor behavior. The current grading sys- 
tem places papillary tumors (excluding urothelial papilloma) 
into three categories: papillary urothelial neoplasm of low 
malignant potential, low-grade papillary urothelial carci- 
noma, and high-grade papillary urothelial carcinoma. These 
categories and the significance of each are detailed in the 
section on papillary tumors. 

Grading of invasive urothelial carcinoma has had much 
less of an impact. In most urologic pathologists’ hands, the 
vast majority of invasive tumors are considered high grade. 
For example in a series of 201 consecutive invasive urothe- 
lial carcinomas, Jordan et al.* considered 97% to be grade 
3 and 3% grade 2. Jimenez et al. graded 15 of 93 (16%) 
cases of muscle-invasive urothelial carcinoma as grade 2B 
and the remaining 78 (84%) as grade 3 using the Malmström 
system.”?”* These would all be considered high grade in the 
current WHO (2004) system. The literature contains numer- 
ous publications where the study set includes many grade 
1 and grade 2 invasive tumors. The existence of invasive 
grade | tumors has been challenged. In a review of cases 
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of invasive grade 1 tumors reported to a tumor data regis- 
try, Mikulowski and Hellsten*®! concluded that these were 
all either higher grade or noninvasive. The 1973 WHO grade 
2 category included tumors ranging from low to high grade 
and not surprisingly many grade 2 tumors were invasive. 
One of the major goals of the 1998 WHO/ISUP proposals 
was to place these tumors into the high-grade category. This 
aim has largely been achieved but with the result that very 
few invasive carcinomas are now considered to be low grade. 
It has been suggested that other features such as growth pat- 
tern could be incorporated in a new grading scheme spe- 
cifically to address this limitation. This topic is discussed in 
more detail in a following section on pattern of invasion.” 


Lymph-Vascular Invasion 

In 1971 Bell et al.“” reported that vascular invasion was 
a significant prognostic factor in bladder cancer. Since 
that time there have been many reports that have in gen- 
eral confirmed the significance of lymph—vascular inva- 
sion in specific subsets of patients”? and in both TURBT 
and cystectomy specimens. In general, assessment of 
lymph-—vascular invasion has been based on assessment of 
the hematoxylin and eosin-stained sections. 0404406407 In one 
study, a subset of cases was evaluated by immunohistochem- 
istry for CD31 and D2-40**; in that study, 2 of 25 TURBT 
cases with lymph—vascular invasion on hematoxylin and 
eosin had the finding confirmed by immunohistochemistry. 
An additional case with lymph—vascular invasion was identi- 
fied by immunohistochemistry that had not been recognized 
on hematoxylin and eosin. 

Identification of lymph—vascular invasion is problematic 
in urinary bladder specimens (Fig. 6-118). Invasive urothe- 
lial carcinoma has a propensity for tissue retraction result- 
ing in nests of cells mimicking involvement of endothelial 
line spaces. This difficulty was nicely illustrated in a study 
by Larsen et al.*** where immunohistochemistry confirmed 
the presence of lymph—vascular invasion in only 5 of 
36 cases reported on hematoxylin and eosin as having this 
finding. Algaba recommended specific morphologic 
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Figure 6-118 W Invasive high-grade 
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features of true lymph—vascular invasion including (i) 
presence in spaces with an unequivocal endothelial cell 
lining, preferably with adjacent arteriole, (ii) tumor floating 
freely in the vessel space with fibrin and/or red blood cells 
around it, and (iii) tumor cells that are tightly cohesive with 
a smooth border and cells at the periphery that have a shell- 
like morphology. 

The independent value of lymph—vascular invasion 
as a prognostic feature has not been generally accepted*” 
although a majority of reports have indicated its significance 
in certain populations including T1 tumors and in patients 
treated by cystectomy when the lymph nodes are negative 
for metastases.” The current CAP guidelines recommend 
the routine reporting of lymph—vascular invasion but not the 
routine application of immunohistochemistry.”° This was also 
the conclusion of the pathology panel in the International 
Consultation of Urologic Diseases review.” In contrast, 
in one European proposal this is recommended to be rou- 
tinely reported, including the application of immunohisto- 
chemistry as needed.*!° We currently report lymph—vascular 
invasion when it is present and considered unequivocal on 
hematoxylin and eosin-stained sections, but do not routinely 
utilize immunohistochemistry. It would, however, be reason- 
able to include the routine use of immunohistochemistry as 
part of a standard therapeutic algorithm in a clinical trial or 
at an individual institution level. 


Pattern of Invasion 

The pattern of invasion in urothelial carcinoma has been 
evaluated as a potential prognostic indicator. Jimenez et al.”* 
assigned three patterns of invasion to 93 patients undergo- 
ing cystectomy for muscle-invasive urothelial carcinoma. 
The patterns were nodular, trabecular, and infiltrative; each 
represented the predominant pattern in 14%, 42%, and 44% 
of cases, respectively (Fig. 6-119). The median survival 
for patients with any amount of the infiltrative pattern was 
29 months compared with 85 months for patients without. 
Subsequent studies using this classification in the urinary 
bladder?>“!!4 and upper urinary tract*!? have confirmed 
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urothelial carcinoma with lymph—vascular invasion (A,B). 
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Figure 6-119 W Architectural patterns of growth: (/) nodu- 
lar; (ID trabecular; and (///) infiltrative. (From Jimenez RE, Gheiler 
E, Oskanian P, et al. Grading the invasive component of urothelial 
carcinoma of the bladder and its relationship with progression-free 
survival. Am J Surg Pathol 2000;24:980—987, with permission.) 


these findings. In the study by Bircan et al.,*!* invasive tumors 
with an infiltrative growth pattern were infrequently T1 at 
diagnosis (11%) compared to those with trabecular (72%) 
and nodular (77%) patterns. In a study limited to T1 tumors, 
Denzinger et al.” reported a cancer-specific survival of 60% 
in cases with an infiltrative architecture versus 86% and 91% 
for the trabecular and nodular patterns. Finally, in a study 
of upper tract tumors, Langner et al.* reported actuarial 
5-year metastasis-free survivals of 94%, 74%, and 12% for 
cases with nodular, trabecular, and infiltrative growth pat- 
terns, respectively. In that report, the presence of an infiltra- 
tive growth pattern and pT stage were the two independent 
predictors of metastasis-free survival. 


Molecular and Genetic Markers 

There have been innumerable studies evaluating potential 
molecular and genetic markers for their potential as prog- 
nostic markers. More recently studies have begun to focus 
on markers that could have a role in predicting response to 
therapy. It is beyond the scope of this chapter to provide a 
detailed review of these. The reader is referred to many com- 
prehensive review articles available in the literature.*'**’° 
The recognition of at least two distinct pathways of urothe- 
lial tumorigenesis and the prognostic significance of those 
pathways is discussed in the genetics section of this chapter 
and is not repeated here. In this section, a few of the most 
extensively studied and promising individual markers are 
briefly reviewed. The 2012 International Consultation on 
Bladder Cancer concluded that as yet there are no molecular 
or genetic markers with sufficient evidence to support rou- 
tine use in surgical pathology practice.” 


TP53 and Cell Cycle Regulators. Perhaps no marker has 
been as extensively studied in bladder cancer as the Tp53 
gene and its product.*'* 4!’ The p53 gene plays a central role in 


one of the two pathways of bladder tumor development (see 
Cytogenetics section) and in particular the pathway associ- 
ated in general with the development of more aggressive uro- 
thelial carcinomas. It has been found in many studies to be 
a significant predictor of recurrence for noninvasive and T1 
tumors,*'*“'° for progression of noninvasive and T1 tumors 
to muscle-invasive tumors,7°!?°?! and for survival.*!8*”? In 
one meta-analysis that comprised over 10,000 patients, the 
authors concluded that “evidence is not sufficient to con- 
clude whether changes in p53 act as markers of outcome 
in patients with bladder cancer.”*"’ The retinoblastoma (Rb) 
gene has had tremendous interest as a prognostic marker 
in bladder cancer for many years. Loss of Rb gene expres- 
sion has also been correlated with recurrence, progression, 
and survival in bladder cancer.*3**4 In some studies the 
evaluation of both p53 and Rb in combination with other 
cell cycle—related proteins yields more powerful prognostic 
information.”*!“7>?° Studies of many other cell cycle—-related 
markers including p21 and p27 have also generated data 
suggesting their potential values as prognostic markers in 
bladder cancer.**!?>-?7 


Cellular Proliferation. Cellular proliferation has been 
extensively studied in bladder cancer beginning with mito- 
sis counting*!*”8 and now most often with Ki-67 (MIB1) 
labeling.*'**°3° These studies have consistently demon- 
strated a significant association between high proliferation 
rates and high tumor grade,*”?*! and increased risk of pro- 
gression*!®943! and of bladder cancer death.*!8*?°**? Most 
recently, proliferation has been combined with FGFR3 status 
to produce a molecular grade.*”’ The significance of cellular 
proliferation has been demonstrated in noninvasive papillary 
tumors,*!®3°433 T] tumors,*!8444 and muscle-invasive blad- 
der cancers.*” The independent prognostic value has been 
demonstrated in large, multi-institutional studies.** 


Apoptosis-Related. There has also been considerable 
interest in apoptosis and genes that have a role in apoptosis 
as prognostic indicators in bladder cancer. There are studies 
that have found apoptotic index to correlate with progres- 
sion and outcome.**'! A number of apoptosis-related genes 
including bcl-2,*°“*° Fas,*" caspase-3,*° mdm-2,** and sur- 
vivin,* among others, have also had some reports indicat- 
ing potential prognostic value. Overexpression of bcl-2 has 
been shown to be associated with higher stage and increased 
risk of progression**® as has loss of Fas” and caspase-3 
expression.**° Survivin expression has been shown is several 
studies to be associated with higher stage and an increased 
risk of progression in urothelial carcinoma.*°“*! Survivin 
has been used as a part of a marker panel (with cathepsin 
E, maspin, and Plk1) to produce “risk signatures” for tumor 
progression and survival.“ Survivin can also be detected in 
the urine and has been studied as a urine-based test for the 
detection of bladder cancer.'** 


Signaling Proteins and Receptors. There is an extensive 
literature regarding a variety of signaling proteins and their 
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receptors in urothelial carcinoma. The fibroblast growth fac- 
tor receptor gene (FGFR3) has already been extensively 
discussed because of its central role in the pathogenesis of 
papillary neoplasia (see genetics section).'°'% Similarly, 
members of the ras gene family are also considered to be 
critical factors in the development of a subset of urothelial 
tumors.!®! Among the many other genes in this category 
that have been studied, a few comments regarding EGFR and 
epidermal growth factor receptor 2 (HER-2) are warranted. 
Expression of EGFR is found in up to 70% of invasive 
urothelial carcinomas.“ Studies of the prognostic sig- 
nificance of EGFR expression have indicated an association 
with recurrence and survival“ but these not been consis- 
tently found**; however, EGFR expression may be of greater 
relevance as it relates to treatment. Studies have demon- 
strated that in urothelial carcinoma expression of EGFR is 
not related to mutations of the EGFR gene.“ There have 
also been several reports of the overexpression of HER2 in 
urothelial carcinoma.“°*” This is more frequent in high- 
grade and high-stage tumors with an overall frequency in 
the 20% to 40% range. Although some studies have reported 
HER2 overexpression to indicate a worse prognosis,“°“* 
others have not.” Targeted therapies aimed at these and the 
related pathways are under active study. 


Angiogenesis-Related. Some early studies of microves- 
sel density in invasive urothelial carcinoma indicated that 
this had potential as a prognostic parameter*’; however, the 
initial results were not consistently found by other investi- 
gators.**' There are several genes, however, including vascu- 
lar endothelial growth factor (VEGF),*'** basic fibroblast 
growth factor,**! and thrombospondin-1,*!43*4 that are 
related to angiogenesis that have been studied with promis- 
ing results. 


Gene Expression and Molecular Profiling. The last 
several years have seen numerous studies using a variety 
of techniques to produce genetic profiles of tumors that 
can be used to diagnose urothelial carcinoma and to pre- 
dict tumor, recurrence, progression, and survival.” Some of 
these reports have produced a small number of markers that 
can then be evaluated and used to generate expression pat- 
terns. For example, using an analysis of 24 genes, Birkhahn 
et al. developed a panel of three markers (HRAS, VEGF, 
and VEGFR2) that produced a model with 81% sensitivity 
and 94% specificity for predicting recurrence in noninvasive 
papillary urothelial carcinoma. In contrast, using oligonucle- 
otide arrays, Sanchez-Carbayo et al.**° developed a molecu- 
lar profile that incorporated 174 probes to identify patients 
with lymph node metastases and poor survival. In a differ- 
ent approach, Lindgren et al. used whole genome array— 
comparative genomic hybridization (CGH) combined with 
mutation analysis to evaluate a panel of eight genes (FGFR3, 
PIK3CA, KRAS, HRAS, NRAS, TP53, CDKN2A, and TSC1). 
Applying hierarchical clustering they then developed a 
model with two subtypes (NS1 and MS2) that predicted 
tumor grade and stage and had a significant correlation with 
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progression, metastasis, and survival in three different data 
sets.’ These and many other studies have highlighted the 
potential for these approaches in the future. 


Treatment 
The treatment of bladder cancer continues to evolve. Both 
the AUA and the European Association of Urology (EAU) 
publish guidelines that provide insights into the current 
thinking regarding areas of general agreement and areas of 
uncertainty in the management of these patients.**74** In 
reviewing these, it is immediately apparent that the patholo- 
gist plays a critical role in choice of therapy with histologic 
grade and tumor stage being the primary drivers of treatment 
choice. The current AJCC/TNM staging system is presented 
in Tables 6-14 and 6-15. Pathologic staging remains a power- 
ful prognostic parameter in invasive bladder cancer*”; none- 
theless, various details about the T categories continue to be 
put to critical evaluation.4°**! 

Follow-up is also a major part of the management of 
patients being treated with transurethral resection with or 


Table 6-14 m AJCC—TNM PATHOLOGIC 


STAGING — URINARY BLADDER (2010) 


Primary Tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Noninvasive papillary carcinoma 

Tis Carcinoma in situ “flat tumor” 

Til Tumor invades subepithelial connective tissue 

T2a Tumor invades superficial muscularis propria 
(inner one-half) 

T2b Tumor invades deep muscularis propria (outer 
one-half) 

T3a Tumor invades perivesical tissue— 
microscopically 

T3b Tumor invades perivesical tissue— 
macroscopically (extravesical mass) 

T4a Tumor invades any of the following: prostatic 
stroma, seminal vesicles, uterus, vagina 

T4b Tumor invades pelvic wall, abdominal wall 


Regional Lymph Nodes (N) 


NX Lymph nodes cannot be assessed 
NO No lymph node metastasis 
N1 Single regional lymph node metastasis in the true 


pelvis (hypogastric, obturator, external iliac, or 
presacral lymph node) 

N2 Multiple regional lymph node metastasis in the 
true pelvis (hypogastric, obturator, external iliac, 
or presacral lymph node metastases) 


N3 Lymph node metastasis to the common iliac 
lymph nodes 

Distant Metastases (M) 

MO No distant metastasis 

M1 Distant metastasis 


From Edge S, Byrd D, Compton C, et al., eds. AJCC Cancer Staging 
Manual. 7th ed. New York: Springer; 2009:497-505. 
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Table 6-15 AJCC-TNM STAGING OF 
BLADDER CARCINOMA (2010)— STAGE 
GROUPINGS 
Stage Oa Ta NO Mo 
Stage Ois Tis NO Mo 
Stage | Ti NO Mo 
Stage Il T2a NO Mo 
T2b NO MO 
Stage III T3a NO Mo 
T3b NO MO 
4a NO MO 
Stage IV T4b NO MO 
Any T N1-3 MO 
Any T Any N M1 


From Edge S, Byrd D, Compton C, et al., eds. AJCC Cancer Staging 
Manual. 7th ed. New York: Springer; 2009:497-505. 


without intravesical therapy. The frequency is dependent on 
the risk of progression and recurrence as discussed below. 
For all patients, the first follow-up cystoscopy is at 3 months, 
and the findings at that time are important in predicting 
the subsequent course of the disease.** Tumor recurrence 
in low-risk patients is almost always also low-risk, and so 
recurrences of low-grade papillary tumors present no imme- 
diate danger to the patient. For this reason, their early detec- 
tion is not necessary for successful treatment.*” 


Noninvasive Papillary Tumors (Ta). The choice of ther- 
apy in these cases is dependent on assessment of the risk 
for recurrence and progression. In the EAU guidelines for 
treatment, the most important factors for determining risk 
are the number of tumors, tumor diameter, prior tumor 
recurrence rate, concomitant CIS, and histologic grade.** 
Of these, the number of tumors and prior recurrence rate 
are given the greatest significance for recurrence while con- 
comitant CIS and histologic grade are the most significant 
for progression. 

For patients with low-risk tumors, complete transurethral 
resection alone may be sufficient or the addition of a single 
dose of intravesical chemotherapy can be included. In this 
setting the agents of choice include mitomycin-C, epirubi- 
cin, or doxorubicin. Ideally the instillation is given within 
24 hours of resection and this has been shown to reduce 
recurrences but not risk of progression.** These agents have 
a very low risk of significant complications. Intravesical 
BCG has been shown to significantly reduce the risk of 
recurrences“ and to reduce the risk of progression or at 
least to delay it.4°°“° Treatment with BCG requires both an 
induction course and a maintenance therapy to maximize its 
effect. This treatment does, however, have significant toxic- 
ity with serious side effects occurring in <5% of patients.*°” 
For intermediate-risk patients, either chemotherapy or BCG 
can be selected. For high-risk patients, the use of BCG is 
considered standard. For patients with multifocal high-grade 
tumors, some authors would recommend repeat resection to 


rule out the presence of invasive disease. Cystectomy is con- 
sidered an option for patients with multiple recurrent high- 
grade tumors or with high-grade tumors and concomitant 
CIS. 


Carcinoma In Situ. CIS, whether primary or in associa- 
tion with papillary urothelial carcinoma, is the single most 
important predictor of progression to invasive disease. For 
that reason, BCG therapy is the standard approach for these 
patients.“ This has been shown to reduce the risk of recur- 
rence and to reduce the risk of progression or delay the time 
to progression.*® Treatment is for at least a year with close 
follow-up by cystoscopy. For patients that fail BCG with per- 
sistent CIS or progression to invasive disease, cystectomy is 
recommended.** 


Lamina Propria Invasion (T1). Perhaps the stage of great- 
est interest and controversy is T1. The presence of lamina 
propria invasion adds significantly to the above features in 
assigning risk for the progression to muscle-invasive disease. 
Standard therapy for T1 tumors has been transurethral resec- 
tion combined with intravesical therapy.™*" This requires 
complete transurethral resection of the tumor. Because of 
the significant risk for understaging at the time of initial 
transurethral resection, a repeat resection is recommended 
if the treatment choice is less than cystectomy.**44 The 
intravesical agent of choice is BCG. For patients not tolerant 
of BCG, other intravesical chemotherapy agents can be used, 
but these are less effective.“ Long-term follow-up studies 
show that approximately 20% to 50% of these patients will 
die of bladder cancer. 

The T1 category is one where early cystectomy has been 
demonstrated to improve survival in some but not all insti- 
tutional studies and remains controversial. One major prob- 
lem with clinical T1 disease is that a substantial proportion 
are upstaged (up to 50%) or are found to have aggressive 
histologic features when cystectomy is performed.*°*7!4” It 
should be recognized that the understaging is partly an issue 
of pathologic interpretation. In centrally reviewed pathol- 
ogy material approximately 10% of muscle invasion had 
not been recognized by the diagnosing pathologist.*” In one 
series of 167 patients undergoing cystectomy for clinical 
T1 disease, 18% had lymph node metastases.** In another 
large multi-institutional study of 1,136 patients, 50% were 
upstaged with 29% having pT3/4 tumors and 16% lymph 
node metastases.*” 

There have been several reports documenting improved 
survival for patients with high-grade T1 tumors treated by 
immediate cystectomy,*”' but others have not shown a ben- 
efit.!”547 This has led to great interest in identifying patients 
with “high-risk” T1 tumors that might benefit most from 
early cystectomy.’”*7> Factors such as histologic grade, 
depth of invasion, presence of lymph—vascular invasion, and 
selected variant histologies have all been proposed as patho- 
logic features that can be used for this purpose. In addition, 
a large number of other markers such as p53 and retinoblas- 
toma expression, and others have been suggested. 
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In one thought-provoking analysis, between 32% and 
47% of bladder cancer deaths were judged to be potentially 
avoidable.*” Not surprisingly, most of these are in patients 
with lower-stage disease who are hypothesized to have had 
an improved survival with earlier aggressive intervention. 


Muscle Invasion (T2/3). Documentation of muscle-invasive 
disease remains one of the most important aspects in the eval- 
uation of tumor biopsy or transurethral resection specimens. 
For most patients it is this finding that leads to the decision 
to proceed with definitive local therapy (cystectomy).**” 
Radical cystectomy is considered the standard therapy for 
localized muscle-invasive bladder cancer.” In the male, radi- 
cal cystectomy includes removal of the urinary bladder, the 
prostate gland with seminal vesicles, and the distal most 
portions of both ureters. In female patients, the resection 
includes the urinary bladder, the uterus and adnexae, portions 
of the urethra and vaginal mucosa (variable), and the distal 
most portions of both ureters. Lymphadenectomy is routinely 
performed, and recent literature advocates a more extended 
lymph node dissection. The choice of type of urinary diver- 
sion or neobladder construction is based on multiple factors 
beyond the scope of this discussion.” The presence of CIS at 
the urethral resection margin is a relative contraindication to 
use of a neobladder and for this reason frozen sections may 
be requested to assess the margin status. Patients with diffuse 
CIS or involvement of the prostatic urethra are at a particularly 
high risk for this. For similar reason frozen section evaluation 
of ureteral margins is routinely performed. The actual value of 
these frozen sections has been questioned in the literature.*” 

The published results of radical cystectomy are quite 
variable and are dependent on multiple factors. In general, 
the 5- and 10-year recurrence-free survival is in the 66% to 
68% and 60% to 73% range, respectively. The overall 5- and 
10-year survivals are reported to be 58% to 66% and 43% to 
49%, respectively.**° 

The role of neoadjuvant chemotherapy prior to radical 
cystectomy is unresolved at this time.”*“*' Recent reports 
indicate a 5% to 8% overall survival benefit with neoadju- 
vant cisplatin-based chemotherapy leading some groups to 
recommend this routinely for patients with good perfor- 
mance scores who can tolerate the treatment.” A role for 
adjuvant chemotherapy seems less well defined and is cur- 
rently recommended only in the setting of clinical trials.” 

An alternate approach that has played a secondary role 
is the use of combined chemotherapy and radiation therapy 
with bladder preservation.***“*° Studies have demonstrated 
that this approach can be used successfully in selected 
patients with about one-half of patients keeping their blad- 
der.**3** This treatment strategy has not been widely used 
and is largely restricted to institutions with highly committed 
multidisciplinary teams. 


Metastatic Disease (M1). Urothelial carcinoma has been 
recognized as being responsive to chemotherapy for over two 
decades. The greatest success and most experience has been with 
cisplatin-based protocols.”**4*°8° Response rates are in the 48% 
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range, and survival has been prolonged by about 14 months. 
Long-term survivals in the 20% range have been achieved. 


SQUAMOUS CELL CARCINOMA | 
Epidemiology 


The prevalence of squamous cell carcinoma varies among 
different parts of the world. In areas where schistosomiasis is 
endemic, it had accounted for up to 73% of bladder cancer; 
however, this proportion is changing.*5™® In contemporary 
series, urothelial carcinoma is the most common histologic 
type accounting for three-quarters of cases. In one 
study, the percentage of squamous cell carcinomas changed 
from 78% in 1980 to 28% in 2005.**8 This change has been 
attributed largely to the success of public health efforts in 
reducing schistosomiasis and to increasing use of tobacco. 
In series from England and the United States, squamous cell 
carcinoma comprises only 3% to 6% of bladder malignan- 
cies.**!4°04°3 Tn the United States and Europe, the male:female 
ratio is 1.7:1, with ages ranging from 30 to 90 years (mean, 
66 years).78!“9!44 In one registry study, squamous cell car- 
cinoma was more common in women than men.*” A higher 
incidence of squamous cell carcinoma has been reported in 
African Americans compared to Caucasian Americans. 5*6 
Many patients with squamous cell carcinoma have a 
history of long-standing bladder irritation caused by infec- 
tion,”’*"* stones,” indwelling catheters, intermittent 
self-catheterization,”*"' or urinary retention (Box 6-7).*” 
Smoking is also a risk factor. In patients with neurogenic blad- 
der there is an increased risk of bladder cancer with squamous 
cell carcinoma being the most common type accounting for 
over 50% of cases in some series.*°?*"3 Squamous cell carci- 
noma has also been described following radiation therapy% 
and treatment with cyclophosphamide.” Keratinizing squa- 
mous metaplasia is an important risk factor for the develop- 
ment of squamous cell carcinoma.**” In one series, 33 of 78 
patients with keratinizing squamous metaplasia had simulta- 
neous or subsequent carcinoma. In those who subsequently 
developed cancer, the tumor developed an average of 12 
years after the diagnosis of metaplasia. Many tumors arising 
in bladder diverticula are squamous cell carcinoma.**7>" 
Schistosome infection is a worldwide medical problem 
and its role in the pathogenesis of bladder cancer in endemic 
areas is of considerable interest.***8"°° There are three 
major species pathogenic to humans: Schistosoma man- 
soni, Schistosoma japonicum, and S. haematobium. Only 


Box 6-7 © MAJOR RISK FACTORS FOR 


SQUAMOUS CELL CARCINOMA 


Schistosomiasis infection 
Chronic infection—other causes 
Bladder lithiasis 

Other chronic irritants 
Nonfunctioning bladder 
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S. haematobium causes bladder cancer.*"® In a series of 1,095 
cases of bladder cancer from Egypt, schistosome eggs were 
identified in the bladder wall in 902 cases (82%).**” Bladder 
infection by S. haematobium may result in polyposis, ulcer- 
ation, urothelial hyperplasia and metaplasia, dysplasia, or 
carcinoma.>'' Although squamous cell carcinoma is the most 
frequent type of cancer, a relatively high prevalence of ade- 
nocarcinoma (6%) is also seen.**” Studies of HPV in both 
schistosomiasis- and non—schistosomiasis-related tumors 
have for the most part been negative.>!75" 


Clinical Features 


Most patients present with hematuria (63% to 100%) and/or 
irritative symptoms (33% to 67%).°” Other symptoms often 
associated with advanced disease include weight loss, back 
and pelvic pain, or symptoms related to obstruction.*” Cases 
with associated hypercalcemia have been described.*'4°!° A 
high proportion of patients have advanced cancer at the time 
of diagnosis.”°*4°!° Rare tumors arising in bladder exstro- 
phy and in the urachus are squamous cell carcinoma.*!7>"” 

At cystoscopy, the tumors are usually single and located 
in the trigone or posterior wall region.” An exophytic solid 
or ulceroinfiltrative pattern is most common. Keratin debris 
can be present on the surface. Leukoplakia can be present in 
the adjacent mucosa. 


Pathology 


Most squamous cell carcinomas are bulky, polypoid, solid, 
necrotic masses, often filling the bladder lumen, although 


Figure 6-120 E Squamous cell carcinoma of the bladder. 


Figure 6-121 E Squamous cell carcinoma of the bladder. 


some are predominantly flat and irregularly bordered or 
ulcerated and infiltrating (Figs. 6-120 and 6-121).4°°70%7! 
The presence of necrotic material and keratin debris on the 
surface is relatively constant. 

In the current classification scheme, the diagnosis of 
squamous cell carcinoma is restricted to pure tumors.'*!> 
The surface can have a papillary or verruciform surface 
and superficial biopsies can have a deceptively benign 
appearance (Fig. 6-122). The tumors may be well differ- 
entiated with well-defined islands of squamous cells with 
keratinization, prominent intercellular bridges, and mini- 
mal nuclear pleomorphism, or poorly differentiated, with 
marked nuclear pleomorphism and only focal evidence 
of squamous differentiation (Fig. 6-123). Basaloid squa- 
mous cell carcinoma histologically identical to tumors of 
the upper aerodigestive tract has been described.°” There 
can be lymph—vascular invasion and perineural invasion.°* 


j TS V : DF ht. eR a BAS A 
Figure 6-122 WE Invasive squamous cell carcinoma with a 
well-differentiated verruciform surface. 
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Figure 6-123 W Invasive squamous cell carcinoma involv- 
ing the muscularis propria. 


Necrosis is common. Squamous metaplasia is identifiable 
in the adjacent epithelium in 17% to 65% of cases.78!979 
This can be keratinizing, nonkeratinizing, or verrucous 
squamous hyperplasia (Fig. 6-124).”8' There can be varying 
degrees of atypia ranging up to squamous CIS present in 
some (Fig. 6-125). 

Histologic grade may correlate with stage and outcome 
although this has not been uniform.*?’**°°** In one study, 
DNA ploidy was a powerful predictor of progression with 
35%, 45%, and 92% of patients with diploid, tetraploid, and 
aneuploid tumors progressing, respectively.>'® 


Differential Diagnosis 


Lesions with squamous differentiation that occur in the uri- 
nary bladder are listed in Table 6-16. The major differential 


| 
| 


Figure 6-124 E Invasive squamous cell carcinoma with 
keratinizing squamous cell metaplasia of the adjacent mucosa. 
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Figure 6-125 Œ Squamous metaplasia with high-grade 
dysplasia. 


diagnostic consideration for squamous cell carcinoma 
is urothelial carcinoma with squamous differentiation, 
which occurs in up to 40% of high-grade urothelial car- 
cinomas.?”8?”5526 In North America, Europe, and other 
regions where squamous cell carcinoma is uncommon, 
such tumors should be carefully studied for an urothelial 
component. The presence of keratinizing squamous meta- 
plasia, especially if associated with dysplasia, would sup- 
port a diagnosis of squamous cell carcinoma. There are no 
immunohistochemical markers to reliably distinguish these 
two possibilities. When a biopsy or transurethral resection 
contains pure squamous cell carcinoma, a comment can be 
added indicating that the possibility of urothelial carcinoma 
with squamous differentiation cannot be excluded without 
examination of the entire tumor. Secondary invasion of the 
bladder by an adjacent primary such as squamous cell car- 
cinoma of the cervix or vagina should always be considered 
and excluded clinically. Immunohistochemical staining can- 
not reliably distinguish primary from secondary squamous 
cell carcinoma. Demonstration of HPV DNA in a female 
patient would strongly favor a genital tract origin!’ 
A variety of benign squamous lesions can be seen in the 


Table 6-16 m SQUAMOUS LESIONS OF THE 


URINARY BLADDER 


Squamous metaplasia 
Nonkeratinizing 
Keratinizing 
Normal adult female 
Condyloma acuminatum 
Squamous papilloma 
Urothelial carcinoma with squamous differentiation 
Verrucous carcinoma 
Squamous cell carcinoma 
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bladder and need to be considered particularly in limited 
biopsy specimens.‘ 


Treatment and Natural History 


The treatment of choice for pure squamous cell carcinoma 
of the bladder has been radical cystectomy or cystopros- 
tatectomy.°** Radiation therapy alone is not effective.” 
Some reports suggest that preoperative radiation ther- 
apy, with or without neoadjuvant chemotherapy, may 
be useful.” Chemotherapy is ineffective in dealing 
with metastatic squamous cell carcinoma of the bladder. 
Tumor stage is the most important prognostic indicator 
for squamous cell carcinoma.*”*”’ As noted above, histo- 
logic grade and possibly DNA ploidy are other prognostic 
markers. 

Overall the prognosis for patients with squamous 
cell carcinoma is poor. In a study of newly diagnosed 
invasive bladder cancer from the Netherlands Cancer 
Registry, 88% of squamous cell carcinomas were muscle 
invasive compared with 52% of urothelial carcinomas.*” 
The relative 5-year survival rate was only 23% for cases 
with T2 or greater stage.” In a 1976 series from the 
MD Anderson Cancer Center, 5- and 10-year survivals 
were only 14% and 53%, respectively.”! A more recent 
series for the same institution reported 2-year overall 
and recurrence-free survivals of 48% and 33%.*! Other 
studies have reported 5-year survivals ranging from 7% 
to 50%.?8149.530 The highest survival was in a small series 
of patients treated with preoperative radiation and radical 
cystectomy.°**’ The biologic behavior of squamous cell car- 
cinoma is different than that of urothelial carcinoma. In 
most patients, death is due to local recurrence rather than 
metastatic cancer.” Metastases show a striking predi- 
lection for bone.*”°*” 


Verrucous Carcinoma 


Rare cases of verrucous carcinoma of the urinary bladder 
have been described.*'*** One case in the urinary bladder 
developed in a patient with long-standing anogenital con- 
dyloma acuminatum, suggesting a possible link with the 
bladder tumor.’ Analysis for HPV when performed has 
been negative, however." One case reported as verrucous 
carcinoma invaded in nests with areas of perineural inva- 
sion, and probably represented typical squamous cell carci- 
noma.**° Verrucous carcinoma is more common in patients 
with schistosomiasis, accounting for 3% of bladder can- 
cers.*8”°37 This cancer appears as an exophytic, papillary, or 
“warty” mass with epithelial acanthosis and papillomatosis, 
minimal nuclear and architectural atypia, and rounded, push- 
ing, deep borders. It can extend through the full thickness of 
the bladder wall.*** Treatment is with surgical resection.*** 
In other organs, verrucous carcinoma has a good prognosis, 
but results in the bladder are limited. In a series of 19 cases 


from Egypt treated by cystectomy, no lymph node metas- 
tases were present.’ To date, no case with metastases has 
been reported. 


PRIMARY ADENOCARCINOMA 


Primary adenocarcinoma accounts for <2% of malignant 
bladder tumors in Europe and North America'#!>497389? and 
up to 5% of cases in the Egyptian literature.*°**' The larg- 
est published series with 185 and 192 cases, respectively, 
were reported by El-Mekresh et al.**! and Zaghloul et al.*#° 
Both series are from Egypt. The largest North American 
series included 72 cases.” Adenocarcinoma of the blad- 
der is divided into two major categories: those arising in 
the urachus and those developing in the bladder proper 
(Table 6-17). For clinical and pathologic reasons, these are 
addressed in separate sections. Specific variants of clinical 
significance (signet ring cell adenocarcinoma, clear cell ade- 
nocarcinoma, and hepatoid adenocarcinoma) are dealt with 
individually. 


Nonurachal Adenocarcinoma 
Clinical Features 


Nonurachal adenocarcinoma accounts for 61% to 80% of 
primary bladder adenocarcinomas.”*°**73 These occur over 
a wide age range, with a mean of 59 years, and are more 
common in males than in females (3: 1).780788938:540-542,544.545 


Table 6-17 COMPARISON OF URACHAL AND 
NONURACHAL ADENOCARCINOMA 
Feature Urachal Nonurachal 
Age (mean) 52 y 62 y 
Sex (male:female 1-1.5:1 Gal 

ratio) 
Mucusuria Common Infrequent 


Stage at diagnosis 50% advanced 75% advanced 


Histologic type 


(frequency) 
Enteric 30% 15% 
Mucinous 50% 10% 
Signet ring <5% 10% 
NOS <5% 40% 
Mixed 10% 25% 
Treatment Partial or radical Radical 
cystectomy cystectomy 
with resection 
of urachal tract 
Survival 
5-y 37%-51% 17%-50% 
10-y 17%-42% 11%-28% 
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Hematuria is the most common presentation, followed by 
irritative symptoms and rarely mucusuria.”*’ The tumors are 
often advanced, with metastases in up to 40% of patients at 
the time of presentation.”*°°404° 

Most cases of nonurachal adenocarcinoma arise from 
intestinal metaplasia of the urothelium. Support for this 
mechanism comes from cases arising in patients with long- 
standing diffuse intestinalization of the bladder mucosa 
associated with a nonfunctioning bladder, chronic irritation, 
obstruction, and cystocele (Fig. 6-126). Cystitis glandularis 
is present in 4% to 7% of patients with nonurachal adenocar- 
cinoma.****’ Origin from metaplasia is also considered to be 
the mechanism in patients with exstrophy.**°? Most cancers 
arising in association with exstrophy are adenocarcinoma. 
The risk of adenocarcinoma in patients with exstrophy is in 
the range of 4% to 7%.*”°°° There is also an increased risk of 
adenocarcinoma in patients with pelvic lipomatosis, and this 
is attributed to its association with cystitis glandularis.*!° 
Adenocarcinoma also arises in patients with S. hematobium 
infection.**”°4! Rare cases of adenocarcinoma*?°*+ and 
adenosarcoma*® have arisen in association with endometrio- 
sis involving the bladder. 


Pathology 


Nonurachal adenocarcinoma can appear as an exophytic, 
papillary, solid, sessile, ulcerating, or infiltrative mass 
(Fig. 6-127). The signet ring variant frequently shows diffuse 
thickening of the bladder wall, producing a linitis plastica— 
like appearance (see below). 

There has been some variability in defining adenocarci- 
noma in the literature. Most have excluded any case con- 
taining a recognizable urothelial carcinoma component, 
preferring to classify these as urothelial carcinoma with 
glandular differentiation.: The current WHO classifica- 
tion follows this approach.'* Grignon et al.?** recognized six 


i ee 
of extensive cystitis glandularis 


with intestinal metaplasia that shows dysplasia similar to that seen 
in adenomatous polyps of the gastrointestinal tract. 
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Figure 6-127 WE Primary nonurachal adenocarcinoma with 
an ulcerated infiltrative appearance. 


histologic variants of adenocarcinoma of the urinary blad- 
der; (i) adenocarcinoma of no specific type when the tumor 
did not resemble another recognized pattern; (ii) enteric, 
when the cancer was composed of pseudostratified colum- 
nar cells forming glands, often with central necrosis, typical 
of colonic adenocarcinoma (Fig. 6-128); (iii) mucinous (col- 
loid), when the tumor cells were single or in nests floating 


z z G Lee S D 
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6-128 E Nonurachal adenocarcinoma of bladder 
with enteric-like morphology. 
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Figure 6-129 E Nonurachal adenocarcinoma of bladder 
with mucinous (colloid) morphology. 
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in extracellular mucin (Fig. 6-129); (iv) signet ring, when 
the tumor consisted of signet ring cells diffusely infiltrat- 
ing the bladder wall; (v) clear cell, when the tumor was 
composed of papillary and tubular structures with cyto- 
logic features identical to mesonephric adenocarcinoma; 
and (vi) mixed, when two or more of the described patterns 
were found (Fig. 6-130). For nonurachal adenocarcinoma, 
the enteric type is most common. Immunohistochemical 
findings are similar to those described below for urachal 
adenocarcinoma. 

A uniform grading system has not been applied to ade- 
nocarcinoma of the bladder.*°°°° Anderstrom et al.**° found 
grade to be a significant prognostic indicator while others 
did not.®”5® In the former system, grade was assessed based 
on the degree of gland formation with two specific histo- 
logic subtypes (pure colloid and signet ring) considered to 
be poorly differentiated. The histologic pattern did not cor- 
relate with outcome in the MD Anderson Cancer Center 


enteric and mucinous appearance. 


series, although the poor prognosis of the signet ring variant 
was noted.’ In contrast, Zaghloul et al. applied the clas- 
sification scheme of Grignon et al.’ and found it to have 
prognostic value. 

Chan and Epstein°’’ reported 19 cases of what they referred 
to as “adenocarcinoma in situ.” In 17 cases, these most likely 
represented urothelial CIS with glandular or pseudoglandular 
differentiation, a well-described pattern in urothelial CIS. In 
these, the term adenocarcinoma in situ is not appropriate and 
is potentially confusing. This term should be reserved for true 
cases of adenocarcinoma in situ with colonic-type epithelium 
having severe dysplastic change.** 


557 


Differential Diagnosis 


The differential diagnosis of adenocarcinoma is extensive 
due to the range of glandular lesions that can occur in the 
urinary bladder (Table 6-18). First, benign mimics of adeno- 
carcinoma need to be excluded.*"! Cystitis cystica and cysti- 
tis glandularis may be florid, producing pseudopapillary or 
polypoid lesions that can mimic a tumor. The benign cytol- 
ogy of the lining cells and lack of invasion are important 
features.” In unusual cases of intestinal metaplasia, extra- 
cellular mucin is present.” In these cases, careful evalua- 
tion for malignant cells suspended in the mucin is required. 
Patients with long-standing intestinal metaplasia are at risk 
for the development of adenocarcinoma, and such cases 
should be carefully evaluated for early evidence of neoplas- 
tic transformation. Villous adenoma occurs rarely in the 
urinary bladder and shows the cytologic and architectural 
abnormalities of adenomatous epithelium without stromal 
invasion.**° Invasive adenocarcinoma is often associated 
with villous adenoma and should be looked for carefully. 
Nephrogenic adenoma must be distinguished from adeno- 
carcinoma, particularly the clear cell variant (see below). 
Endometriosis, endocervicosis, and miillerianosis can 
mimic adenocarcinoma.*"'*° These lesions can be quite 
infiltrative and form masses. The cells show no significant 
atypia, and more than anything the diagnosis requires think- 
ing about the possibility. 


Table 6-18 m GLANDULAR LESIONS OF THE 
URINARY BLADDER 


Urachal remnant 

Ectopic prostate tissue 

Cystitis cystica/glandularis 

Intestinal metaplasia 

Nephrogenic adenoma 

Miullerianosis 

Endocervicosis 

Endometriosis 

Endosolpingosis 

Villous adenoma 

Adenocarcinoma (urachal and nonurachal) 
Urothelial carcinoma with glandular differentiation 
Secondary adenocarcinoma 
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Figure 6-131 Œ Nonurachal adenocarcinoma of bladder that shows strong expression of cytokeratin 7 (A) and CDX2 (B). 


Secondary involvement of the bladder must always be 
excluded and requires clinicopathologic correlation. The 
majority of primary bladder adenocarcinomas have an 
enteric, mucinous, signet ring or a combination of these pat- 
terns making secondary involvement by an adenocarcinoma 
of the gastrointestinal tract a major consideration. Mucin 
histochemistry does not distinguish urachal adenocarci- 
noma or nonurachal adenocarcinoma from colorectal ade- 
nocarcinoma.*” Immunohistochemistry has been reported 
to be of some value in the distinction of primary adenocar- 
cinoma from secondary colonic adenocarcinoma with the 
latter being CK20 positive and CK7 negative in the major- 
ity of cases and with primary adenocarcinoma being vari- 
ably reactive to both CK7 and CK20 (Fig. 6-131A).°°'3% 
There is expression of CDX2 in both (Fig. 6-131B)°° 
although loss of CDX2 may be more frequent in primary 
bladder tumors.**°° Some reports have suggested that 
villin-1 may be more useful with absence of villin-1 expres- 
sion in some primary bladder adenocarcinomas,*® but this 
has not been confirmed by others.*3°°° Absence of nuclear 
B-catenin was also been reported in primary bladder adeno- 
carcinoma," but this also has not been found by others.°® 
Thrombomodulin is reported to be positive in primary but 
not secondary tumors.*°! In individual cases, however, there 
is sufficient overlap to limit the practical application of 
immunohistochemistry. 


Treatment and Natural History 


Nonurachal adenocarcinoma is staged using the standard 
AJCC-TNM staging system.°*’ Stage is considered to be the 
most significant prognostic indicator in bladder adenocarci- 
noma. Surgery is the preferred therapy for nonurachal ade- 
nocarcinoma with radical cystectomy or cystoprostatectomy 
with pelvic lymph node dissection.” Adjuvant radiotherapy 
is also used in some series for locally advanced disease. 
There is very limited information on the role of chemo- 
therapy in these tumors.*® Prognosis for this tumor is poor. 


The overall 5- and 10-year survivals for the 48 cases of non- 
urachal adenocarcinoma reported by Grignon et al.7** were 
31% and 28%, respectively. These data indicate that most 
patients dying of this tumor do so in the first 5 years, with 
uncommon late recurrences and deaths. In more contem- 
porary series survivals in the 40% to 50% range have been 
reported*°*! with others having much worse outcomes.™° 
In patients treated by cystectomy, the outcome is signifi- 
cantly worse for adenocarcinoma as compared to urothelial 
carcinoma.™° 


Urachal Adenocarcinoma 
Diagnostic Criteria 


The separation of urachal from nonurachal adenocarci- 
noma requires correlation of clinical and pathologic find- 
ings.>42547509570 A variety of criteria have been suggested 
over the years with those proposed by Johnson et al.>”! 
being perhaps most practical: the tumor should be located 
anteriorly or in the dome, there should be a sharp demarca- 
tion between tumor and normal epithelium, and a primary 
elsewhere must be excluded. There are no specific patho- 
logic features that distinguish urachal from nonurachal 
tumors. 

The pathogenesis of urachal adenocarcinoma is believed 
to be similar to primary nonurachal adenocarcinoma of the 
bladder with intestinal metaplasia being the intermediary 
step.°” Cases arising from villous adenoma of the urachus 
have been described.°” 


Clinical Features 


Urachal adenocarcinoma occurs throughout adulthood and 
the youngest case was that of a 15-year-old girl.5* The 
majority occur in the fifth and sixth decades, with a mean 
age in the mid-50s in most series years, approximately 
10 years younger than the mean for nonurachal adenocar- 
cinoma. There is also a predominance of men over women 
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Figure 6-132 E Computed tomography of a urachal adeno- 
carcinoma of the bladder. 


(1.8 to 1), which is lower than the 3:1 ratio for nonurachal 
adenocarcinoma.?®5®:788:538.542.570.575-577 The most frequent pre- 
senting symptoms are hematuria, pain, and irritative symp- 
toms. Mucusuria occurs in up to 25% of patients.**°°”° 

Cystoscopy most often reveals a polypoid mass in the 
bladder dome or anterior wall that may be covered by an 
intact or ulcerated mucosa.°’”° Imaging studies localize the 
tumor to the bladder dome region (Fig. 6-132). A plain film 
x-ray may show characteristic stippled calcifications. 


Pathology 


Most urachal adenocarcinomas form discrete masses in the 
dome of the bladder. The tumors appear to have an epicenter 
in the wall of the bladder, rather than being mucosal based 
(Fig. 6-133). The bladder mucosa can be intact or ulcerated. 
The cut surface usually has a glistening mucoid appearance 
due to abundant mucus production (Fig. 6-134). The tumor 
can extend along the urachal tract and the tumor may be 
found within the abdominal wall (Fig. 6-135). Although some 
authors have excluded cases where there is associated cystitis 
glandularis or intestinal metaplasia, this may be too restric- 
tive as these lesions are relatively frequent in the bladder.*” 
In the majority of cases, urachal remnants can be identified. 

Urachal adenocarcinoma has a variety of histologic 
appearances. The most frequent is mucinous (colloid) car- 
cinoma with nests and single cells floating in extracellular 
mucin (Fig. 6-136). The cells may have a signet ring or 
columnar morphology. The next most frequent pattern is 
enteric adenocarcinoma with features typical of colorectal 
adenocarcinoma, and can include Paneth cells and argyro- 
phil neuroendocrine cells. An uncommon pattern is 
linitis plastica—like signet ring cell carcinoma.” The pres- 
ence of signet ring cells has been found to predict a poor 
prognosis.**° 

Not all carcinomas arising in the urachus are adenocarci- 
noma. All other histologic types of bladder carcinoma occur 
in this site with urothelial carcinoma being the second most 


Figure 6-133 E Urachal adenocarcinoma arising within the 
wall of the bladder. In this case the tumor is solid. The ulcerated 
area is the site of the TURBT procedure. 


Figure 6-134 E Urachal adenocarcinoma in the dome of the 
bladder. The cut surface has a glistening mucoid appearance. 
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Figure 6-135 W Urachal adenocarcinoma arising in the 
extravesical portion of the urachal tract. The mucinous surface 
reflects the mucinous histology of the tumor. 


frequent followed by squamous cell carcinoma and small 
cell carcinoma.*!?>”°°*! A variety of sarcomas have also been 
reported to have arisen in the urachus.**! 

Histochemical stains reveal neutral and acid (sulfated and 
nonsulfated) mucin.”**°° Urachal adenocarcinoma expresses 
cytokeratin, CEA, Leu-M1, and EMA.??8857 The tumors 
express cytokeratin 20 (100%), cytokeratin 7 (50%), high 
molecular weight cytokeratin (34BE12, 67%), and CDX2 
(100%, variable intensity).°’? The majority of cases (75%) 
lack nuclear expression of B-catenin.*” 


Differential Diagnosis 


The major differential diagnostic consideration is nonura- 
chal adenocarcinoma. This distinction requires clinico- 
pathologic correlation. Urachal adenocarcinoma should be 
distinguished from urachal villous adenoma; this rare lesion 
is histologically identical to those found in the gastrointesti- 
nal tract.*°” The presence of invasion indicates malignancy. 
Secondary invasion of the bladder by adenocarcinoma 
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Figure 6-136 WE Urachal adenocarcinoma with mucinous appearance (A,B). 
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arising elsewhere, particularly the gastrointestinal tract, 
must always be excluded clinically. As presented in detail 
in the preceding section, immunohistochemistry cannot reli- 
ably distinguish primary adenocarcinoma of the bladder (of 
either urachal or nonurachal type) from secondary involve- 
ment from the gastrointestinal tract. 


Treatment and Natural History 


Most authorities recommend segmental resection of the 
tumor or radical cystectomy with en bloc resection of the 
urachus and umbilicus.°57°7°°* Adjuvant chemotherapy 
and radiation therapy have been used in patients with locally 
advanced or metastatic disease.*”°”° A role for these treat- 
ment approaches remains to be clarified. Urachal adeno- 
carcinoma has been staged with the same systems used for 
urothelial bladder cancer.” Application of these systems 
is problematic because, by virtue of their anatomic origin, 
all urachal adenocarcinomas are muscles invasive. Sheldon 
et al.” proposed a system specific for urachal tumors. Stage 
I is confined to the urachal mucosa; stage II is invasive but 
confined to the urachus; stage II includes local extension to 
bladder (IIIA), abdominal wall (IIIB), peritoneum (IIIC), or 
viscera other than the bladder (IID); and stage IV includes 
metastases to regional lymph nodes (IVA) or distant sites 
(IVB). This system with some modification has proven to be 
a significant predictor of outcome in one series.°7°>°° 

The reported prognosis for these tumors also varies con- 
siderably. Survival curves, based on 71 patients reported in 
the literature, combined with raw data obtained from Grignon 
et al.” revealed 5- and 10-year survivals of 37% and 17%, 
respectively.” Patients with localized disease have a signifi- 
cantly better prognosis; in the Mayo Clinic series the median 
survival time was 11 years for stage I and II disease.°” In a 
population-based study, the 5- and 10-year overall survivals 
were 51% and 42%, respectively.*” In a study limited to sig- 
net ring cell adenocarcinoma of the bladder, Grignon et al.**° 
reported a significantly better survival for those originating 
in the urachus than elsewhere in the bladder. 
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Figure 6-137 E Signet ring cell adenocarcinoma of the blad- 
der producing a thickened bladder wall with a mucoid cut surface. 


Signet Ring Cell Adenocarcinoma 
Clinical Features 


The first report of the signet ring variant of bladder adeno- 
carcinoma as a distinct clinicopathologic entity is attributed 
to Saphir in 1955.! Grignon et al.*°° reported 12 cases and 
reviewed 56 cases from the literature. Since that review addi- 
tional small series have been described.***>* Grignon et al. 
restricted the diagnosis to bladder adenocarcinomas with at 
least a focal component of diffuse linitis plastica—like signet 
ring cell adenocarcinoma and excluded cases with a urothelial 
carcinoma component. Urothelial carcinoma with glandular 
differentiation includes cases where the glandular compo- 
nent is manifest as a signet ring cell adenocarcinoma.*™ 
There are no specific epidemiologic characteristics to these 
patients. The median age of presentation is in the sixth decade 
and men are more frequently affected than women (approxi- 
mately 3:1). Gross hematuria and irritative symptoms are the 
most common presentation. In up to 50% of cases, cystoscopy 
does not show a mucosal or mass lesion with the mucosa most 
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Figure 6-138 E Signet ring cell carcinoma of the bladder 
with tumor cells containing bubbly mucin. 


often being described as “edematous” or “bullous.” The sig- 
nificance of this subtype of adenocarcinoma is the extremely 
poor prognosis.**°°** A high proportion of patients present 
with advanced disease. The 5-year survival for patients with a 
pure signet ring pattern was only 13% whereas it was 33% in 
tumors with a mixed pattern in one comprehensive review.” 
Stage is the best predictor of outcome.’® 


Pathology 


Grossly, signet ring cell adenocarcinoma causes diffuse 
thickening of the bladder wall in a linitis plastic—like pat- 
tern (Fig. 6-137). The cut surface may have a mucoid con- 
sistency. There is often edema of the mucosa. Histologically, 
there is diffuse permeation of the bladder wall by single 
signet ring cells. Most of the cells have a single cytoplas- 
mic vacuole and others a bubbly cytoplasm (Fig. 6-138). 
In some cases, the cytoplasm is pale and eosinophilic with 
the nucleus pushed to one end, a pattern referred to as mono- 
cytoid (Fig. 6-139).*°°33! These tumors have abundant cyto- 
plasmic mucin when evaluated with mucin stains. Many of 


FIGURE 6- 139 E Signet ring cell adenocarcinoma of the bladder with many but not all cells Tem bubbly cytoplasm (A); here is, 
however, diffuse positivity for cytoplasmic mucin (B: Alcian blue, pH 2.5). 
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these latter cases are now reported as the plasmacytoid vari- 
ant of urothelial carcinoma. 


Differential Diagnosis 


The major differential diagnosis is with urothelial carci- 
noma with mixed differentiation, the plasmacytoid variant 
of urothelial carcinoma and secondary involvement of the 
bladder by a signet ring cell adenocarcinoma from another 
site. In the current classification the term signet ring cell 
adenocarcinoma is reserved for pure tumors; cases with a 
definite urothelial carcinoma component are included in the 
mixed differentiation category. Tumors where the cells have 
a predominantly plasmacytoid or monocytoid morphology 
with only scattered signet ring cells and little cytoplasmic 
mucin are now placed in the plasmacytoid variant of uro- 
thelial carcinoma. Differentiation of metastatic signet ring 
cell carcinoma of gastrointestinal origin from primary sig- 
net ring cell adenocarcinoma requires clinical correlation. 
Immunohistochemistry cannot reliably distinguish between 
these two possibilities (see section on immunohistochem- 
istry of adenocarcinoma above).°® Prostatic adenocarci- 
noma can also have a signet ring—like morphology. These 
are extraordinarily rare as pure tumors and are almost 
always mixed with usual acinar prostatic adenocarcinoma. 
The signet ring-like cells of prostatic origin are almost 
always mucin-negative and express prostatic markers by 
immunohistochemistry.**’ 


Clear Cell Adenocarcinoma 
Clinical Features 


Primary clear cell adenocarcinoma of the urinary bladder is 
rare, with only a limited number of well-documented cases 
in the English language literature.°%°°3>**°” In contrast to 
the bladder, the urethra is a relatively frequent site for clear 
cell adenocarcinoma, particularly in females.’ These tumors 
occur over a wide age range with a mean age of 62 years.””! 
They occur more commonly in females than in males (3:2).**! 
The bladder neck is reported to be the most common site. The 
prognosis is uncertain; in one review 50% of patients were 
alive and disease free with a median follow-up of 31 months.*”! 

The pathogenesis of clear cell adenocarcinoma in the 
bladder remains unresolved. Origin from embryonic rests of 
mesoderm from the mesonephric ducts had been favored,5” 
but this has been challenged and a metaplastic origin from 
urothelium suggested.***5"°°"* The occurrence of urothelial 
carcinomas with areas having characteristic morphologic 
features of clear cell adenocarcinoma supports this hypoth- 
esis.” Further, molecular studies have also supported an 
urothelial origin for these tumors.*” Cases reported in asso- 
ciation with endometriosis and miillerian remnants sug- 
gest a miillerian origin in at least some instances.*73°°359596 
The latter hypothesis was supported by Drew et al.,°*? who 
studied six clear cell adenocarcinomas of the lower urinary 
tract by histochemistry and immunohistochemistry; all six 
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Figure 6-140 E Clear cell adenocarcinoma of the bladder 
with tubular architecture. 


cases demonstrated positivity for CA-125. Clear cell adeno- 
carcinomas have also been shown to consistently express 
hepatocyte nuclear factor-1f (100%) compared to expres- 
sion in <5% of urothelial carcinomas.”*! This marker is also 
expressed in tumors of miillerian origin adding additional 
support to a miillerian origin for clear cell adenocarcinoma. 
A clear cell adenocarcinoma arising in a miillerian duct cyst 
has also been described.°”’ 


Pathology 


These tumors are solid or papillary, and located in the tri- 
gone or posterior wall. The majority form a single mass. 
Histologically, all have a tubular component, some of which 
are cystically dilated (Fig. 6-140). Papillary (Fig. 6-141) and 
diffuse patterns (Fig. 6-142) can also be present. The tubu- 
locystic areas have basophilic or eosinophilic luminal secre- 
tions. The lining cells are flattened, cuboidal, or columnar 
with clear cytoplasm and at least focally have characteristic 


with papillary architecture. 
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Figure 6-142 E Clear cell adenocarcinoma of the bladder 
with solid growth. 


“hobnail” cells. The cells have significant nuclear pleomor- 
phism with frequent mitotic figures. There are cases of clear 
cell adenocarcinoma with less severe cytologic atypia and 
lacking solid areas.’ Special stains demonstrate abundant 
cytoplasmic glycogen in most but not all, and, in most, focal 
cytoplasmic and luminal mucin. 

Immunohistochemical studies show that the tumors are 
usually cytokeratin 7 positive with variable reactivity for 
cytokeratin 20.5% Most are negative or only weakly positive 
for high molecular weight cytokeratin (34BE12).°” There 
is positive immunoreactivity for Ca-125.°%° Expression of 
PAX8 has been reported. The tumors do not express PSA, 
prostatic acid phosphatase, estrogen receptor, or progester- 
one receptor.°” 


Differential Diagnosis 


The major differential diagnostic considerations are neph- 
rogenic adenoma and metastatic clear cell carcinoma. 
Nephrogenic adenoma is typically small, has both papillary and 
tubular components, lacks solid areas, shows minimal cytologic 
atypia, and has no or rare mitotic figures.*°°°°""' Infrequently, 
more severe cytologic atypia can be seen, but this does not 
approach that of clear cell adeno carcinoma. Nephrogenic 
adenoma can infiltrate the muscular wall, and the presence 
of this feature should not be used as a diagnostic criterion for 
malignancy! A clinical history of trauma or instrumenta- 
tion may be helpful. Most clear cell adeno carcinomas express 
p53 while nephrogenic adenoma is consistently negative for 
p53.°” Proliferation markers show high expression in clear cell 
adenocarcinoma compared to low expression in nephrogenic 
adenoma.>*” These lesions also express markers such as PAX2, 
PAX8, and p504s (racemase), reflecting their origin from renal 
tubular epithelial cells.7°°°? Nephrogenic adenoma can recur 
and so recurrence does not indicate malignancy. 

Direct extension of a urethral adenocarcinoma arising in 
a urethral diverticulum should be considered in any female 
patient with a tumor presenting in the bladder neck or trigone 


region.** Clear cell adenocarcinoma of the urethra, and 
specifically a urethral diverticulum, is much more com- 
mon than primary clear cell adenocarcinoma of the bladder. 
Metastatic or direct extension of clear cell (mesonephric) car- 
cinoma should also be excluded in all female patients. Renal 
cell carcinoma can metastasize to the bladder and also needs 
to be considered.*” Recognition of the typical sinusoidal 
vascular pattern, lack of tubular differentiation, absence of 
mucin, and clinical features should resolve this differential. 


Hepatoid Adenocarcinoma 


Rare cases of tumors arising in the urinary bladder mim- 
icking hepatocellular carcinoma have been reported.%* ” 
Cases have been described in five men and one woman with 
ages ranging from 61 to 85 years. In three of the five cases 
with follow-up, the patients died 12, 14, and 19 months after 
diagnosis; a fourth patient was alive with metastatic disease 
at 4 months; the final patient was alive at 26 months. 

These tumors are composed of cells with abundant 
eosinophilic cytoplasm arranged in sheets and trabeculae 
with focal formation of glandular structures. Cytoplasmic 
hyaline globules were present in all five reported tumors. 
In three cases bile production was present. Expression of 
alpha-fetoprotein, alpha-l-antitrypsin, and HepPar-1 was 
demonstrated by immunohistochemistry. CEA immunohis- 
tochemistry demonstrated a canalicular pattern typical of 
hepatocellular carcinoma in all cases. 


SMALL CELL CARCINOMA | 


Pathogenesis 


The currently favored pathogenesis of small cell carcinoma 
is origin from multipotential undifferentiated or stem cells 
present in the urothelium.%* *' The frequent association of 
this tumor with other histologic variants such as urothe- 
lial carcinoma and adenocarcinoma supports this theory.*! 
Further, in cases with mixed differentiation, the small cell 
component harbors the same cytogenetic abnormalities as 
the urothelial carcinomas indicating a common origin.”! 
Other hypotheses are origin from neuroendocrine cells 
within normal‘ or metaplastic urothelium®” or from an 
undefined population of submucosal neuroendocrine cells.°"° 


Clinical Features 


Small cell carcinoma of the bladder, histologically identical 
to that occurring in the lung, is being reported with increasing 
frequency, with over 500 cases now described.78?790086!4 618 
The tumor has been estimated to represent 0.5% of blad- 
der malignancies but this is probably an underestimate. It 
develops much more frequently in men than women (ratio, 
4:1) and is essentially a tumor of older patients (range, 20 
to 85 years; mean, 66 years).°'* Hematuria is the most fre- 
quent presentation (90% of cases), with symptoms of blad- 
der irritability or obstruction occurring less commonly. The 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


cm ey ee eed 


FiGure 6-143 
a solid invasive tumor. 


Small cell carcinoma of the bladder forming 


patients often present with locally advanced or metastatic 
cancer. Paraneoplastic syndromes rarely occur, including 
ectopic adrenocorticotropic hormone production, hyper- 
calcemia,® and hypophosphatemia.°” 


Pathology 


There are no specific gross features separating small cell car- 
cinoma from other carcinomas of the bladder (Fig. 6-143). 


os 


Figure 6-144 Small cell carcinoma of the bladder with 
typical histologic features. 
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Figure 6-145 Small cell carcinoma of the bladder with 
larger cells, some of which have a more fusiform nuclear shape. 


This tumor ranges in size and shape from 2-cm polypoid 
lesions to solid masses of up to 10 cm. It can develop at any 
location including the dome and within bladder diverticula. 
Approximately 50% of cases have pure small cell histol- 
ogy without an identifiable urothelial component. In mixed 
tumors a common origin has been demonstrated.*?' The 
small cell areas fulfill the light microscopic criteria used for 
small cell carcinoma of the lung. It can show either an oat 
cell or intermediate cell pattern, and both may be present in 
the same tumor. The “oat cell” type consists of a relatively 
uniform population of cells with scant cytoplasm, hyper- 
chromatic nuclei with dispersed chromatin, and absent or 
inconspicuous nucleoli (Fig. 6-144). The intermediate cell 
type has more abundant cytoplasm, larger nuclei with less 
hyperchromasia, and similar chromatin pattern and nucleolar 
features. In some cases, the intermediate type of small cell 
carcinoma contains elongate or spindled cells (Fig. 6-145). 
Both types have extensive necrosis (Fig. 6-146), promi- 
nent nuclear molding, frequent mitotic figures, prominent 


Figure 6-146 Small cell carcinoma of the bladder with 
extensive necrosis resulting in a pattern mimicking a papillary 
appearance. 
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prominent apoptosis. 


apoptosis (Fig. 6-147), and may have DNA encrustation of 
blood vessel walls (Azzopardi phenomenon). A large cell 
neuroendocrine carcinoma phenotype has been described, 
and the presence of scattered cells with “monstrous nuclei” 
occurs.°° Skeletal muscle differentiation can occur.*! 

Between 23% and 67% of cases are mixed with other 
histologic patterns.°!'° A urothelial carcinoma compo- 
nent (papillary or nonpapillary) is most common, but 
glandular and squamous differentiation has been observed 
(Fig. 6-148). One case of small cell carcinoma arose in asso- 
ciation with urachal adenocarcinoma.” 

In cases studied by electron microscopy, dense core 
neurosecretory granules have been found.” In most cases 
evidence of neuroendocrine differentiation can be found by 
immunohistochemistry with neuron-specific enolase immu- 
noreactivity being most frequent; other neuroendocrine 
markers are less often positive, with CD56 being most sensi- 
tive (Fig. 6-149A to C).248:610.615.618.623 A Ithough cytokeratin is 
present in most tumors, some are nonreactive.°-°°3 The 


presence of a “dot-like” pattern for cytokeratin has been 
noted (Fig. 6-149D).° The tumors are infrequently cyto- 
keratin 20 or p63 positive with most positive for cytokera- 
tin 7.864 Cells of the associated urothelial carcinoma can 
be both cytokeratin 20 and p63 positive, and these can be 
admixed with the small cell carcinoma and should not result 
in altering the diagnosis if morphologically the tumor is con- 
sistent with small cell carcinoma. Most cases are p16 posi- 
tive, but this can also expressed by urothelial carcinoma.™* 
Uroplakin has been reported to be negative in the cases 
evaluated. 


Differential Diagnosis 


The major differential diagnostic considerations are small 
cell carcinoma from other sites and malignant lymphoma. In 
about 50% of prostatic small cell carcinomas, there is a coex- 
istent adenocarcinoma component; positive staining of this 
element for PSA and PSAP indicates prostatic origin. The 
small cell component, however, is characteristically negative 
for these markers, so in pure cases clinical correlation may 
be essential to separate prostate from bladder primaries. 
Metastases from other sites also need to be considered; 
interestingly, symptomatic bladder metastasis from broncho- 
genic small cell carcinoma is a rare occurrence. Primary 
small cell carcinoma of the bladder can express TTF-1, so 
this marker is not helpful in this differential diagnosis.“ 
The identification of a urothelial component, including 
urothelial CIS, would strongly support primary bladder 
origin. Malignant lymphoma should be distinguishable in 
most cases on histologic grounds, but immunohistochemical 
staining for cytokeratin and leukocyte common antigen in 
difficult cases should readily distinguish the two.°° 


Treatment and Prognosis 


The aggressive behavior of this tumor has been noted repeat- 
edly, and overall survival is poor.”® There are several reports 
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Figure 6-148 E Small cell carcinoma of the bladder mixed with high-grade papillary urothelial carcinoma (A) and squamous cell 


carcinoma (B). 
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Figure 6-149 Œ Small cell carcinoma of the bladder with positive immunoreactivity for CD56 (A), synaptophysin (B), chromo- 


granin A (C), and cytokeratin (AE1/AE3, D). 


indicating that patients may respond to aggressive combina- 
tion therapy if given at the time of diagnosis.?®®6!8-620.627 Tn 
a series from the MD Anderson Cancer Center, 26 patients 
treated with cystectomy or cystoprostatectomy alone had a 
36% 5-year disease-free survival compared to 78% for sur- 
gery combined with neoadjuvant and adjuvant multiagent 
chemotherapy.°'® Others have used sequential chemotherapy 
and radiation therapy for these patients with success.** These 
reports underscore the importance of recognizing this dis- 
tinct form of bladder cancer, which may respond to aggres- 
sive therapy. In contrast to the way squamous and glandular 
differentiation are reported, given the clinical significance of 
this diagnosis, we report these mixed tumors as small cell 
carcinoma and then indicate the percentage of the small cell 
and urothelial components. 


Large Cell Neuroendocrine Carcinoma 


A few examples of large cell neuroendocrine carcinoma aris- 
ing in the urinary bladder have been reported.©*?-° The 
majority have occurred in males with ages ranging from 


19 to 82 years. All have presented with hematuria. There is 
insufficient information to comment specifically on treat- 
ment and outcome. To date, most cases have been aggressive 
with rapid growth and early metastases. Follow-up has been 
short in those patients reported to be alive and well at last 
follow-up. 

Pathologically, the tumor cells are arranged in sheets, 
trabeculae, or nests. An organoid pattern can be present. 
Individual cells are large and polygonal with abundant eosin- 
ophilic cytoplasm resulting in a low nuclear to cytoplasmic 
ratio. Nuclei are large with coarse chromatin and variably 
prominent nucleoli. Mitotic figures (>10 per 10 high power 
fields) and apoptotic bodies are frequent. Necrosis can be 
focal or diffuse. Bizarre tumor giant cells can be seen. In 
over half of the reported cases the tumor has been mixed 
with other histologies including urothelial carcinoma, squa- 
mous carcinoma,” lymphoepithelioma-like carcinoma,‘ 
sarcomatoid carcinoma,®° and adenocarcinoma.” The 
typical appearance of the cells has been described in a urine 
cytology specimen.°* 
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The tumors demonstrate neuroendocrine differentiation by 
immunohistochemistry with variable expression of synapto- 
physin, chromogranin, CD56, and neuron-specific enolase. 
Cytokeratin positivity with a distinct perinuclear dot-like pat- 
tern can be seen. Expression of cytokeratin 20 and TTF-1 
has been reported.®! The cells are nonreactive for prostatic 
markers. Ultrastructural examination shows the cells have 
cytoplasmic processes and contain neurosecretory granules.*° 


Carcinoid Tumor 


Rare examples of better differentiated neuroendocrine neo- 
plasms showing histologic features of carcinoid tumor, with- 
out associated urothelial carcinoma, have been described.” 4 
In a critical review of the literature, Martignoni and Eble“! 
accepted only four previously reported cases as being true 
pure carcinoid tumors.’ Since then, at least three addi- 
tional convincing cases have been added.“ These have 
occurred over a wide age range (29 to 75 years) and have 
been more common in males. Hematuria and irritative 
symptoms are most common. No cases with the carcinoid 
syndrome have been reported. Most cases have been cured 
by transurethral resection, but recurrences have been docu- 
mented and malignant behavior has been reported.°* One 
of these cases had a small cell carcinoma component,™* and 
in the other cases the pathologic description and images are 
insufficient to be certain of the accuracy of the classifica- 
tion.“ The presence of carcinoid-like areas in small cell 
carcinoma has been recognized, and these cases should 
be classified as small cell carcinoma rather than carcinoid 
tumor.°*!! 

Grossly the tumors are usually small with the largest 
reported tumor measuring 4 cm. The typical microscopic 
features of carcinoid tumor are the organoid, glandular, 
or trabecular growth pattern (Fig. 6-150). Tumor cells are 
moderate in size with abundant cytoplasm. A case with 
oncocytic cells has been described.“ Nuclei are small and 


Figure 6-150 W Carcinoid tumor arising in the urinary bladder at low (A) and high (B) magnification. 


uniform with finely stippled chromatin and inconspicuous 
nucleoli. Necrosis is not a feature. The tumor cells consis- 
tently express neuroendocrine markers including synapto- 
physin, chromogranin, and neuron-specific enolase.“ 
Positive immunoreactivity for cytokeratin 7, TTF-1, and 
B-HCG has been reported in some cases.™! Prostate markers 
are negative.) 


Primitive Neuroectodermal Tumor/Ewing 
Sarcoma 


Several examples of these tumors, confirmed by demonstrat- 
ing expression of CD99 or demonstration of the EWS/FLI] 
fusion transcript, have been described arising in the urinary 
bladder.” *4 These have occurred over a wide age range 
with both sexes being affected. In two cases, the patients had 
previously received chemotherapy.’ Presentation is usu- 
ally with hematuria and/or irritative symptoms. Treatment 
has varied but has included resection and chemotherapy. 
There are too few cases to determine the prognosis. There 
have been four cases where the patients were alive and free 
of disease at the time of last follow-up™*?-3°4 and two 
patients who died of disease." 

The tumors have ranged from 3 cm to very large. 
Histologically, the typical features of primitive neuroec- 
todermal tumor are present. Cells are arranged in sheets, 
trabeculae, or lobules. Nuclei are small with fine chro- 
matin and inconspicuous or small nucleoli. There is scant 
pale to clear cytoplasm. Rosettes are occasionally present. 
Mitoses are frequent and necrosis is present. The tumor 
is positive for CD99 with a prominent membranous pat- 
tern. There is variable reactivity with other markers; 
positive reactivity for CD117 and vimentin has also been 
described. Neuroendocrine markers can also be positive in 
some cases. A small percentage of cases can be cytokeratin 
positive. Molecular analysis demonstrates the EWS-FLI] 
fusion transcript. 
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MESENCHYMAL TUMORS—BENIGN 


Benign soft tissue tumors are uncommon in the bladder with 
leiomyoma, hemangioma, or neurofibroma representing the 
majority. In a review of all newly diagnosed bladder tumors, 
Melicow®> reported that benign soft tissue tumors accounted 
for only 0.9% of all primary bladder lesions. In addition to 
those detailed below, rare examples of other benign soft tis- 
sue tumors have been reported including lymphangioma,°* 
benign fibrous histiocytoma,®’°* aggressive angiomyx- 
oma,°° and ganglioneuroma.°! 


Leiomyoma 
Clinical Features 


In a comprehensive literature review, leiomyoma was the 
most common benign mesenchymal tumor of the urinary 
bladder accounting for 47% of published cases.°° In 1986, 
Knoll et al. reviewed the literature and provided an analy- 
sis of 155 cases they identified. Recent series have added 
significantly to this total.°+°° Leiomyoma is more com- 
mon in women (male:female ratio, 1:2) and the majority 
occur in adults, although rare examples in children have 
been reported. These have been described in the setting 
of von Recklinghausen disease.” Obstructive symptoms are 
most common, due to a ball-valve effect of a pedunculated 
tumor.°®’ These can be a cause of acute urinary retention. 
Less often, it produces pelvic pain or ureteral obstruction 
with hydronephrosis. Bladder leiomyoma may be associated 
with paraurethral leiomyoma. 

Treatment of leiomyoma is conservative. Depending on 
the tumor size, transurethral resection or segmental resection 
is indicated. In cases with atypical features, resection with 
frozen sections to ensure negative margins may be appropri- 
ate.>” In most cases, treatment is curative, although leiomy- 
oma can recur if incompletely resected. No case of malignant 
change developing in a leiomyoma has been reported.°° 


Pathology 


Leiomyoma is submucosal in two-thirds of cases, producing 
a polypoid or pedunculated mass (Fig. 6-151). Less com- 
monly, it arises within the wall or in a subserosal location. 
The overlying epithelium is usually intact. Most are small, 
measuring | to 4 cm in greatest dimension, although cases 
up to 25 cm have been described; multiple lesions can be 
present.°°°” The cut surface is circumscribed and bulging, 
with a whorled gray-white appearance. Histologically, the 
characteristic features of leiomyoma are identified, includ- 
ing fascicles of spindle-shaped cells with fusiform, blunt- 
ended nuclei and eosinophilic cytoplasm (Fig. 6-152). There 
is minimal atypia and only rare mitotic figures. Morphologic 
variants such as epithelioid leiomyoma can occur.*” In a 
few cases, the degenerative nuclear atypia present as seen 
in symplastic leiomyoma can be present in leiomyomas of 
the bladder.°® 
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Figure 6-151 E Leiomyoma of the bladder forming a cir- 
cumscribed submucosal mass. 


Differential Diagnosis 


The major differential diagnosis is with leiomyosarcoma but 
other spindle cell lesions may be considered (Table 6-19). In 
most cases this distinction is straightforward. Mills et al.°” 
considered leiomyoma to be characterized by a sharply circum- 
scribed margin, little or no mitotic activity, and minimal cyto- 
logic atypia. Further, they suggest that a smooth muscle tumor 
with rare or absent mitotic figures and an infiltrative pattern 
should be considered as a low-grade leiomyosarcoma.‘ These 
criteria have been supported in subsequent series.°°* Although 
focal myxoid change can occur in a leiomyoma, prominent 
myxoid stroma is more likely in leiomyosarcoma; although 
these tumors may be otherwise cytologically quite bland.*” 

Other benign mesenchymal tumors such as schwannoma 
and neurofibroma can also be considered in the differen- 
tial diagnosis. Generally the morphologic features will be 
sufficient for distinguishing between these, but if needed, 
immunohistochemistry will resolve the differential diagno- 
sis (Table 6-19). 


AL \ 


Figure 6-152 E Leiomyoma of the bladder. 
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Table 6-19 m DIFFERENTIAL DIAGNOSIS OF 


SPINDLE CELL LESIONS 


Benign 
Postoperative spindle cell nodule 
Inflammatory myofibroblastic tumor 
Leiomyoma 
Other benign mesenchymal tumors 


Malignant 
Urothelial carcinoma with pseudosarcomatous stroma 
Sarcomatoid carcinoma 
Leiomyosarcoma 
Other sarcoma types 


Hemangioma 
Clinical Features 


In 1991, Jahn and Nissen‘? reviewed the literature on 
hemangioma of the urinary tract and identified 106 cases 
in the bladder. Since that report, numerous additional 
examples have been described.°** In the large series 
reported by Melicow,°* hemangioma accounted for 40% 
of benign mesenchymal tumors, and 0.6% of primary 
bladder tumors. It occurs at any age, with the majority 
presenting prior to age 30. There is a slight male prepon- 
derance. Although they tend to present in adults it is gen- 
erally believed that these are congenital in nature.“ Most 
patients present with hematuria that can occasionally be 
life threatening, but irritation, pain, and obstructive symp- 
toms may occur. Up to 30% of patients also have cutane- 
ous hemangiomas.®” Bladder hemangioma occurs in 3% 
to 6% of patients with Klippel-Trenaunay syndrome; it is 
also reported in patients with Sturge-Weber syndrome.** 
Cystoscopically, hemangioma appears purple, multilobu- 
lated, and sessile and may be mistaken for endometriosis, 
melanoma, or sarcoma.‘ 

Treatment depends on the size and location of the heman- 
gioma. Most authors recommend partial cystectomy or local 
excision.” Biopsy and transurethral resection carry a sig- 
nificant risk for massive hemorrhage*’; management with 
the Nd:YAG laser has been successfully applied.°” There is 
a risk of local recurrence if the resection is incomplete.°” 


Pathology 


Hemangiomas may be single (66%) or multiple, and be 
superficial or extend through the full thickness of the bladder 
wall.°”° The majority are small (1 to 2 cm), although cases up 
to 10 cm have been described. It is soft, spongy, and hem- 
orrhagic. Histologically, they are characterized by vascular 
spaces containing blood and thrombi. Depending on the 
pattern, hemangioma is classified as cavernous, capillary, 
venous, or racemose with cavernous being most common 
(Fig. 6-153). The lesion is usually restricted to the submu- 
cosa without involvement of the muscularis propria.°” The 
endothelial cells show no cytologic atypia. 


Figure 6-153 E Hemangioma of the bladder. 


Differential Diagnosis 


The major differential diagnostic considerations are arte- 
riovenous malformation and angiosarcoma. Arteriovenous 
malformation has often been included within the category 
of hemangioma in the literature.°’* These have variably 
sized vascular spaces with thin and thick walls having fea- 
tures of venous and arterial channels. Angiosarcoma typi- 
cally has significant nuclear pleomorphism and numerous 
mitotic figures.°! Bladder involvement by Kaposi sarcoma 
in AIDS patients has also been described.* Rare cases of 
hemangiopericytoma (solitary fibrous tumor) arise in the 
bladder, although this tumor is more cellular than hemangi- 
oma and has a characteristic vascular pattern.°* Epithelioid 
hemangioendothelioma has also been described in the blad- 
der.°7>-°8 These have the typical features seen elsewhere with 
epithelioid and spindle cells having abundant eosinophilic 
cytoplasm, vesicular nuclei, and intracytoplasmic lumens 
containing red blood cells. Discrete vascular channels are 
present in a myxoid or hyalinized stroma. Finally papillary 
endothelial hyperplasia has been described in patient previ- 
ously treated with radiation therapy.‘ These have dilated 
vascular channels with papillary proliferations of plump 
endothelial cells. There is minimal cytologic atypia, with no 
mitoses and no necrosis. 


Neurofibroma 
Clinical Features 


In 1986, Ogawa and Watanabe described a case of neu- 
rofibroma in the bladder, and reviewed approximately 50 
other reported cases. The contemporary literature contains 
several additional examples.**°*° The majority develop in 
patients with von Recklinghausen disease,°*°°* although 
many cases occur in the absence of this syndrome.**>-* 
Neurofibroma can present at any age, including infancy, and 
is slightly more common in males. The majority of patients 
complain of hematuria, dysuria, or irritative symptoms. In 
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some cases, there is concomitant involvement of other geni- 
tourinary sites including the ureter, spermatic cord, penis, 
and scrotum. 

The treatment of neurofibroma is controversial. For local- 
ized lesions transurethral resection or partial cystectomy 
is adequate. For diffuse involvement by plexiform neurofi- 
broma most authors recommend radical resection with uri- 
nary diversion due to the high rate of recurrence with partial 
resection. Urinary diversion alone may be useful in cases 
with extensive involvement, although conservative manage- 
ment has been advocated by some until the tumor becomes 
too extensive for transurethral resection or until ureteral 
obstruction develops. Despite the benign histology, neurofi- 
broma can recur and can cause death by urinary obstruction 
and renal failure. 


Pathology 


Grossly, neurofibroma may be single or multiple, consisting 
of discrete variably sized nodules within the wall or sub- 
mucosa and may be polypoid or pedunculated (Fig. 6-154). 
Most are small, but some may be up to several centimeters in 
diameter. It can also appear as diffuse thickening of the blad- 
der wall without discrete margins; this pattern corresponds 
to the plexiform variant characteristically associated with 
von Recklinghausen disease. In these patients, the tumor 
may extensively invade the bladder wall, ureters, and adja- 
cent soft tissues. Histologically, neurofibroma of the bladder 
is identical to those occurring elsewhere, composed of inter- 
weaving fascicles of elongated spindle-shaped cells with thin 
wavy hyperchromatic nuclei in a collagenized and fibrillar 
background. Nuclear atypia can be present but mitotic activ- 
ity is absent or rare at most. Small nerve fibers are usually 
present within the mass. Myxoid areas may be present. Some 
tumors are circumscribed but not encapsulated. Malignant 


Figure 6-154 W Gross photo of a 1.2-cm neurofibroma of 
the bladder that was submucosal in location. 
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transformation is indicated by more diffuse and marked 
nuclear atypia, high cellularity, and increased mitoses.°!” 
Immunohistochemical results are similar to neurofibroma 
elsewhere with essentially all cases having S100 protein 
positivity. A case of ganglioneuromatosis in association with 
plexiform neurofibroma has been described in a child with 
neurofibromatosis.™! 


Differential Diagnosis 


The differential diagnostic considerations with neurofi- 
broma include other benign spindle cell lesions such as 
leiomyoma, schwannoma, and inflammatory myofibroblas- 
tic pseudotumor. The majority of leiomyomas in the bladder 
show typical features, and separation should be straightfor- 
ward.®® In problem cases, immunohistochemistry reveals 
evidence of muscle differentiation. Inflammatory myofi- 
broblastic pseudotumor is characterized by cytologically 
benign spindle or stellate cells in a loose myxoid back- 
ground mixed with inflammatory cells." The spindle 
cells contain vimentin and actin, reflecting their fibroblastic 
and myofibroblastic nature. Since most bladder neurofibro- 
mas occur in patients with von Recklinghausen disease, 
clinical history should be obtained when this diagnosis is 
entertained. Schwannoma is usually well circumscribed and 
may be encapsulated. Both Antoni A and Antoni B areas are 
usually evident.** 


Schwannoma 


Schwannoma is much less common than neurofibroma 
with only a handful of cases described in the urinary 
bladder.*°? ©’ These have occurred in adult patients, 
with both males and females affected. These are benign 
lesions and are cured by local resection. The tumors are 
sharply circumscribed and gray-white.** The histology is 
typical of schwannoma. Spindle-shaped cells are present 
in a loose matrix with a well-defined capsule. Cellularity 
is variable and nuclear palisading is prominent with both 
Antoni A and B patterns present. An epithelioid morphol- 
ogy can be present.63*67 So-called ancient schwannomas 
have been described here.’ There is no significant nuclear 
pleomorphism or necrosis and minimal mitotic activity. 
The tumors strongly express S100 protein with variable 
expression of Leu-7 and glial fibrillary acidic protein.%* 
There is no reactivity for smooth muscle actin, CD117, or 
cytokeratin. 


Granular Cell Tumor 


Several cases of granular cell tumor involving the urinary 
bladder have been described. These occur over a wide 
range including one case present at the time of birth.” 
Gross hematuria is the most common presentation with 
females being affected more often than males.” It can 
occur in patients with von Recklinghausen disease.’” All 
cases in the contemporary literature have been considered 
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benign except for one. In that case the tumor was considered 
malignant based on nuclear pleomorphism and a mitotic 
rate of 2 to 3 per 10 high-power fields. The patient was free 
of disease 8 years after radical cystectomy.” There is one 
case that recurred following transurethral resection in a 
patient with multiple lesions.” The tumors can be relatively 
well or poorly circumscribed with infiltration of the blad- 
der wall. It is composed of round to polyhedral cells with 
abundant granular eosinophilic cytoplasm. Nuclei are small 
to medium in size and round to oval with vesicular chro- 
matin. There is mild nuclear pleomorphism and mitoses are 
rare. The cells are arranged in nests or cords. The overlying 
urothelium can show pseudoepitheliomatous hyperplasia.” 
Immunohistochemistry demonstrates positive reactivity 
for S100 protein, CD68, laminin, and neuron-specific eno- 
lase.’ The cells contain lysosomes and are strongly posi- 
tive for CD68.° There is no expression of cytokeratins or 
muscle markers. 


Lipoma 


A few examples of lipoma involving the bladder wall have 
been reported." These have all occurred in adults and 
have presented with hematuria or urinary frequency. These 
have been small lesions (<2 cm), and radiologic evaluation 
has demonstrated well-circumscribed masses with fat den- 
sity on computed tomography. Small polypoid protrusions 
into the bladder are present at cystoscopy. Microscopically 
the lesions have been well-circumscribed proliferations of 
mature adipose tissue. 


Solitary Fibrous Tumor 


Solitary fibrous tumor can arise within the wall of the urinary 
bladder. These are uncommon with <20 examples described 
in the English language literature.”°’'* Most patients are 
older with the majority of tumors involving males. They can 
present with hematuria or pain; a few cases have been inci- 
dental findings. In some cases the actual origin of the tumor 
is uncertain with some arising in the soft tissue adjacent to 
the urinary bladder. There are too few cases that have been 
reported to ascertain whether features of malignancy used at 
other sites are applicable in the urinary bladder. 

The tumors are well circumscribed, and most have been 
submucosal. Size has ranged up to 20 cm. The tumor is 
composed of spindle-shaped cells haphazardly arranged 
(patternless pattern) in a variably collagenized stroma or 
with fascicle formation. There is variable cellularity. The 
background includes areas with dense collagen deposition. 
A hemangiopericytoma-like vascular pattern is characteris- 
tic. The possibility of malignancy should be considered when 
high cellularity and mitotic activity, significant nuclear pleo- 
morphism, or necrosis is present. Immunohistochemistry 
demonstrates positive reactivity for CD34, bcl-2, and 
CD99.°8 Other markers expressed to a lesser degree include 
EMA and actin. Desmin, S100 protein, and cytokeratin are 
usually negative. 


MESENCHYMAL TUMORS—MALIGNANT 


Primary sarcoma of the urinary bladder is uncommon and 
there is a distinctive age distribution according to histologic 
type. Rhabdomyosarcoma is the most frequent tumor of the 
bladder in childhood, whereas leiomyosarcoma is the most fre- 
quent sarcoma in adults.%°*!5 In the review by Melicow,** 
sarcoma accounted for 2.7% of all primary bladder neo- 
plasms. In addition to these, virtually all other types of sar- 
coma including malignant fibrous histiocytoma,”'® osteogenic 
sarcoma,’!” chondrosarcoma,’'®”'? fibrosarcoma,” malignant 
mesenchymoma,”! angiosarcoma,°*’” hemangiopericy- 
toma,** liposarcoma,’”’ perivascular epithelioid cell tumor 
(PEComa),’”* and rhabdoid tumor” have been described.” 
Any diagnosis of a malignant mesenchymal tumor requires 
exclusion of a sarcomatoid urothelial carcinoma. 


Leiomyosarcoma 
Clinical Features 


Leiomyosarcoma is the most common sarcoma of the blad- 
der in adults.?80-664-665.672.715.727.728 Tn a recent literature review, 
leiomyosarcoma accounted for 57% of published primary 
bladder sarcomas (excluding rhabdomyosarcoma).°%” There 
is a wide age range (7 to 81 years) with a mean age of 
52 years, with some cases occurring in patients under the 
age of 21 years. Several cases have developed following 
cyclophosphamide therapy for other conditions.” The 
most common presentation is hematuria and obstructive 
symptoms. 

Leiomyosarcoma is treated by partial cystectomy for 
localized tumors or radical cystectomy for more extensive 
ones.°°8:715.27 The use of combined chemotherapy has 
been advocated.” Many authors have commented on the 
aggressive nature of these lesions, but a review of 62 cases 
with outcome data reported between 1960 and 1992 revealed 
crude 2- and 5-year survivals of 81% and 67%, respectively; 
none of the eight patients under the age of 21 years with 
available follow-up died of leiomyosarcoma.”*° More recent 
reports have shown similar outcomes with high-grade 
tumors having a worse prognosis.%7!5 


Pathology 


Leiomyosarcoma is most often lobulated or polypoid, and 
may be ulcerated (Fig. 6-155). A “mushroom shape” at cys- 
toscopy is typical. Most tumors are 2 to 5 cm in greatest 
dimension but may measure up to 13 cm. Histologically, the 
majority have the typical appearance of leiomyosarcoma, 
composed of interweaving fascicles of spindle-shaped cells 
with long blunt-ended nuclei and eosinophilic cytoplasm 
(Fig. 6-156). Nuclear pleomorphism is variable (Fig. 6-157) 
as is the mitotic rate (Fig. 6-158). Necrosis may be present 
(Fig. 6-159). In a few cases, the tumor has been myxoid 
(Fig. 6-160).3”°° Epithelioid leiomyosarcoma has also been 
described in the urinary bladder.‘ Ultrastructural studies 
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Figure 6-155 WŒ Leiomyosarcoma of the bladder producing a 
polypoid mass protruding into the bladder lumen. 


Figure 6-156 W Leiomyosarcoma of the bladder with the 
overlying urothelium. 
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Figure 6-157 Œ Leiomyosarcoma of the bladder with the 
tumor cells showing nuclear pleomorphism. 
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Figure 6-158 E Leiomyosarcoma of the bladder with mini- 
mal nuclear pleomorphism but having mitotic activity. 


S 
t 


+ 


Figure 6-159 E Leiomyosarcoma of the bladder with areas 
of necrosis. 


Figure 6-160 E Leiomyosarcoma of the bladder with a myx- 
oid appearance. 
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show features typical of smooth muscle cells, including thin 
filaments with dense bodies and pinocytotic vesicles. 

Cases evaluated by immunohistochemistry have shown 
cytokeratin immunoreactivity for pancytokeratins and for 
low molecular weight cytokeratin in a minority of cases.” 
The expression is typically weak and focal. There is no 
expression of high molecular weight cytokeratins (cyto- 
keratin 5/6, 34BE12). Markers of muscle differentiation 
including muscle-specific actin and desmin are positive 
in the majority.*°°“°°” Expression of p63 is present in a 
small percentage; there is no expression of ALK-1.3°°4°° 

In a series from the Mayo Clinic, tumors were divided 
into low- and high-grade categories based on nuclear pleo- 
morphism, mitotic activity, and necrosis. A tumor was low 
grade if it had mild to moderate nuclear pleomorphism and 
<5 mitoses per 10 high-power fields and necrosis involving 
<25% of the tumor. A more recent series supports the 
Mayo Clinic criteria with only one patient with a low-grade 
tumor recurring but without metastases compared to 50% 
mortality in the high-grade group.°® Grade can be hetero- 
geneous, and so low-grade histology on a biopsy or trans- 
urethral resection does not exclude a high-grade tumor.°® 


Differential Diagnosis 


The differential diagnosis of spindle cell lesions in the 
bladder is extensive (Table 6-19). If the tumor is clearly 


malignant, the major considerations are other types of sar- 
coma and sarcomatoid carcinoma. Other sarcomas are dis- 
tinguished by histologic features and immunohistochemical 
findings. Sarcomatoid carcinoma may mimic high-grade 
leiomyosarcoma. In most cases, extensive sampling reveals 
a recognizable epithelial component; however, there are 
cases of sarcomatoid carcinoma without foci of identifiable 
carcinoma, and immunohistochemistry is invaluable in such 
cases (Table 6-20). The majority of cases of sarcomatoid 
carcinoma express cytokeratin at least focally in the spin- 
dle cell component including expression of high molecu- 
lar weight cytokeratins in some (cytokeratin 5/6; 34BE12). 
They also can express p63 in about 50% of the cases. 
Sarcomatoid carcinoma frequently expresses smooth mus- 
cle actin but desmin expression is infrequent.**> Reported 
desmin positivity is related to the presence of heterolo- 
gous rhabdomyosarcomatous elements in most sarcoma- 
toid carcinomas.”° This distinction is not merely academic; 
sarcomatoid carcinoma has a much poorer prognosis than 
leiomyosarcoma.**8389 

In any spindle cell lesion in the bladder, the possibility of 
a benign process should be considered. Several entities pro- 
duce spindle cell proliferations that can be quite alarming in 
their histologic appearance. Pseudosarcomatous fibromyx- 
oid tumor or inflammatory myofibroblastic pseudotumor is 
typically polypoid and can be quite large.””®? Postoperative 
spindle cell nodule can also mimic leiomyosarcoma. It is 


Table 6-20 m DIFFERENTIAL DIAGNOSIS OF SPINDLE CELL LESIONS 


Inflammatory 


Post-op Spindle Cell Myofibroblastic Sarcomatoid 
Feature Nodule Pseudotumor Carcinoma Leiomyosarcoma 
Age Older adults Children, young adults Older adults Adults 
Sex M>F F>M M>F Ml = lF 
Gross pathology Small (most < 1 cm) Small to large (4 to 5 cm) Large Large 
Nodular Polypoid Polypoid Polypoid 
Histology 
Cellularity High Low High (low with myxoid) High 
Pleomorphism Minimal Minimal Marked Variable 
Mitotic rate High Low High Variable 
Abnormal MF No No Yes Yes/No 
Vessels Granulation tissue-like  Slit-like Not specific Not specific 
Growth pattern Fascicles Haphazard—myxoid Fascicles or haphazard Fascicles or 
haphazard myxoid 
Heterologous No No Yes or No No 
elements 
IHC 
Vimentin +++ +++ +++ +++ 
Actin ++ ++ +/- ++ 
Desmin — (few +) — (few +) - ++ 
Keratin (pan) + (>50%) + (>50%) + (>90%) — (+ <10%) 
CK (34BE12) - - +/- - 
P63 -= - ++ (>50%) — (few +) 
ALK-1 — (<10% +) ++ (50%) - — (<5% +) 
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most often incidental and develops following surgery or 
trauma.”! Because of the overlapping histologic and immu- 
nohistochemical findings, some authors consider inflamma- 
tory myofibroblastic pseudotumor and postoperative spindle 
cell nodule as a single entity while others argue that these 
should be kept as separate entities. Inflammatory myofibro- 
blastic tumor usually has a loose myxoid appearance with 
numerous slit-like blood vessels and a background of acute 
and chronic inflammatory cells. Individual cells are spindle- 
shaped or stellate with little nuclear pleomorphism, although 
occasional bizarre nuclei may be seen; mitotic figures are 
infrequent and abnormal forms are absent. The process is 
infiltrative and can involve muscle, a feature making distinc- 
tion from myxoid leiomyosarcoma difficult and, on small 
samples often impossible.°” Postoperative spindle cell 
nodule is similar to inflammatory myofibroblastic pseudo- 
tumor but the spindle-shaped cells tend to be arranged in 
short haphazard fascicles reminiscent of granulation tis- 
sue. Cellularity is high and mitotic activity can be brisk, but 
abnormal mitotic figures and nuclear pleomorphism are not 
found. With adequate sampling, the latter should show fea- 
tures diagnostic of leiomyosarcoma. Immunohistochemistry 
of both conditions is similar. The majority demonstrate 
strong expression of cytokeratins.*°°°""? Expression of high 
molecular weight cytokeratins (cytokeratin 5/6, 34BE12) is, 
however, absent.*?> EMA reactivity has been reported in a 
small percentage of case.” Expression of smooth muscle 
actin is consistently present, and most are also desmin posi- 
tive.?53%.62 Calponin and caldesmon can also be positive.*” 
There is expression of ALK-1 in about 50% of cases.*9°4" 
In one study there was no reactivity for p63.°°° 

Distinction from leiomyoma in most instances is not dif- 
ficult. The presence of significant nuclear pleomorphism, 
high mitotic rate, infiltrative growth, and necrosis suggest 
malignancy. Mills et al.” considered any tumor with 5 or 
more mitotic figures per 10 high-power fields to be leio- 
myosarcoma, and cautioned that a tumor with even 0 or 
1 mitotic figures should be considered malignant if it had 
an infiltrative growth pattern. Caution is indicated in calling 
any mitotically active smooth muscle tumor of the bladder 
benign. The degenerative nuclear atypia of symplastic leio- 
myoma can be seen in leiomyoma of the urinary bladder.°® 
Necrosis is not a feature of leiomyoma. 


Rhabdomyosarcoma 
Clinical Features 


In general, rhabdomyosarcoma accounts for between 4% 
and 8% of all malignant tumors in children under the age 
of 15 years.”* Not all malignant neoplasms of the bladder 
in children are rhabdomyosarcoma; however, other types of 
sarcoma and a variety of epithelial tumors have also been 
described.” Rhabdomyosarcoma of the bladder is rare in 
adult patients.°°”° In children, it occurs more frequently 
in boys (ratio of 3:2), and most develop before age 5. It 
most often presents because of hematuria and bladder neck 
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Table 6-21 IRS-TNM STAGING SYSTEM FOR 
URINARY BLADDER RHABDOMYOSARCOMA 
Characteristic Definition 
Tumor 
T1 Confined to urinary bladder 
Tla <5 cm in diameter 
T1b >5 cm in diameter 
T2 Extension and/or fixation to 
surrounding tissue 
T2a <5 cm in diameter 
T2b >5 cm in diameter 
Regional nodes 
NO Not clinically involved 
N1 Clinically involved by tumor 
NX Clinical status of regional nodes 
unknown 
Metastasis 
Mo No distant metastasis 
M1 Metastasis present 


Reprinted from Lawrence W, Jr., Anderson JR, Gehan EA, et al. 
Pretreatment TNM staging of childhood rhabdomyosarcoma: a report 
of the Intergroup Rhabdomyosarcoma Study Group. Children’s Cancer 
Study Group. Pediatric Oncology Group. Cancer 1997;80:1165-1170, 
with permission, Ref.”?. 


obstruction. Cystoscopically, the characteristic finding is a 
polypoid mass filling the bladder lumen. 

Historically, rhabdomyosarcoma had a dismal prognosis, 
but combinations of surgery, radiation therapy, and chemo- 
therapy have markedly improved survival.“ Important 
features predicting outcome are tumor size, stage, and histo- 
logic type (alveolar vs. other types). A staging system specific 
for rhabdomyosarcoma has been developed (Table 6-21). 
In a recent review of 4 protocols treating 379 patients with 
bladder or prostate rhabdomyosarcoma, the overall 5-year 
survival for patients with localized embryonal rhabdomyo- 
sarcoma was 84%.“ 


Pathology 


For genitourinary rhabdomyosarcoma as a group, the 
embryonal type is most common (71%) followed by bot- 
ryoid (20%), alveolar (2%), and pleomorphic (<1%); the 
remaining 7% do not fall into the above categories." In the 
bladder, rhabdomyosarcoma forms polypoid masses that 
may be single or multiple producing a “sarcoma botryoides” 
(grape-like) appearance (Fig. 6-161). The trigone is the most 
common location. Embryonal rhabdomyosarcoma is char- 
acterized by a diffuse infiltration of small blue round cells 
with scant cytoplasm with alternating cellular and myxoid 
zones. The nuclei are small and hyperchromatic and the cells 
are oval to spindle shaped. Cytoplasm varies from scant to 
more abundant and eosinophilic characteristic of rhabdo- 
myoblasts (Fig. 6-162). Cross striations can be identified in 
50% to 60% of cases.®8 Rarely these tumors have more of 
a spindle cell pattern. In the sarcoma botryoides type, the 
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Figure 6-161 Œ Rhabdomyosarcoma of the bladder in a 
child. 


cells are scattered in a loose myxoid stroma, with condensa- 
tion of rhabdomyoblasts beneath the surface epithelium in 
a cambium layer. Classification as a botryoid rhabdomyo- 
sarcoma requires this subepithelial condensation of tumor 
cells separated from the overlying epithelium by a zone of 
loose stroma. The cells range from small cells with hyper- 
chromatic nuclei and scant cytoplasm to cells with features 
of rhabdomyoblasts. The cells scattered in the loose myxoid 
stroma often have a stellate appearance. In most cases immu- 
nohistochemistry is used to confirm the diagnosis. Electron 
microscopic examination can also identify definitive rhabdo- 
myoblastic differentiation. 

In almost all cases muscle differentiation is demonstrable 
by immunohistochemistry.°* Desmin and actin expression 
is present in close to 100% of tumors but is not specific. 
The myogenic regulatory proteins myogenin and MyoD1 
are most specific and are quite sensitive in the embryonal 
and botryoid types of rhabdomyosarcoma (>95% positive). 
Myoglobin can be demonstrated in approximately 50% of 
cases. Rhabdomyosarcoma can infrequently express cyto- 
keratin, S100 protein, and CD99. 
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Differential Diagnosis 


In the pediatric age group the differential diagnosis includes 
other small blue round cell tumors. In most cases the presence 
of rhabdomyoblasts and positive immunoreactivity for des- 
min, myogenin, and MyoD1 will resolve the case. Particularly 
in small biopsies the typical morphology may be unapparent 
and consideration should be given to other possibilities. In 
the pediatric population, a number of other small blue round 
cell tumors have been reported with the urinary bladder as 
the site of origin including primitive neuroendocrine tumor/ 
Ewing sarcoma, neuroblastoma, and malignant lym- 
phoma/leukemia.“*"° A case with synchronous presentation 
of nephroblastoma in the kidney and urinary bladder has been 
described.” In any small blue round cell tumor other than 
rhabdomyosarcoma, the possibility of metastasis from another 
site must be considered. Myofibroblastic proliferations occur 
in the pediatric population and also need to be considered.” 
Fibroepithelial polyps also develop in this age group, and a 
case with atypical stromal cells that raised the differential 
diagnosis of rhabdomyosarcoma has been reported.” 

In the adult patient, the majority of tumors with rhabdo- 
myosarcoma differentiation will be sarcomatoid carcinoma 
with heterologous elements.”° This should be the working 
diagnosis until excluded by careful histologic examination 
for an epithelial component. In the absence of identifiable 
carcinoma, the epithelial nature of the sarcomatoid compo- 
nent can be demonstrated by immunohistochemistry. Small 
cell carcinoma should also be considered in cases with 
pure alveolar histology. In about one-half of these cases 
there is another type of carcinoma present, a finding that 
would exclude rhabdomyosarcoma. Small cell carcinoma 
can have skeletal muscle differentiation, but this has only 
been reported once in the urinary bladder.®! The presence 
of expression of epithelial and neuroendocrine markers and 
absence of muscle markers would for practical purposes 
confirm the diagnosis of small cell carcinoma.’ 


Angiosarcoma 
Clinical Features 


Primary angiosarcoma is a rare tumor in the urinary blad- 
der. In a comprehensive review published in 2006, Seethala 
et al.” identified eight cases they considered acceptable 
and added one of their own. A few additional cases have 
appeared subsequently.°”7!>°°.>! These have all occurred in 
adult patients with a male predominance. Hematuria is the 
most common presentation. In several cases there is a prior 
history of radiation.“ These have generally been treated 
with resection with or without adjuvant radiation therapy. 
Prognosis is poor with most patients dying of their disease 
and only a few long-term survivors.”*! 


Pathology 


Grossly the tumors have tended to be large, exophytic, 
and hemorrhagic. Microscopically most have areas of 
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classic angiosarcoma with solid areas not being uncommon. 
Spindled and epithelioid histology or a combination is seen. 
There is significant cytologic atypia with mitotic activity. 
There is invasion of the bladder wall including extension 
to the perivesical adipose tissue in most. Most of the cases 
studied have expressed endothelial cell markers (CD31, 
CD34, and factor VIII-related antigen).°”” 


Differential Diagnosis 


Hemangioma is much more common and should be con- 
sidered prior to making a diagnosis of angiosarcoma. Cases 
of angiosarcoma in the literature have been unequivocally 
malignant and so this should in the majority of instances not 
be problematic. The solid areas of angiosarcoma can mimic 
any malignant spindle cell tumor including sarcomatoid 
carcinoma. The latter will usually have a recognizable carci- 
noma component and the spindle cells will express epithelial 
rather than endothelial cell markers. A case of angiosarcoma 
with associated urothelial carcinoma has been described.°” 
An example of a malignant epithelioid hemangioendothe- 
lioma has been described in a child.” 


Perivascular Epithelioid Cell Tumors 


Rare examples of PEComas primary in the urinary blad- 
der have been described in the literature. 475-756 In a recent 
report, Sukov et al.” added three cases and summarized four 
additional published cases. The cases have occurred in young 
adults (age range 19 to 48 years) with both males and females 
affected. None of the cases had associated tuberous sclerosis. 

The tumors have ranged from 3.0 to 5.0 cm with both 
circumscribed and infiltrative growth. The histology has 
included both the epithelioid and spindle cell patterns. 
Individual cells have pale to clear cytoplasm and mild nuclear 
atypia. In the epithelioid areas, the cells are arranged in nests 
and in the spindle cell areas into fascicles. The tumors have 
been uniformly positive for HMB-45 with variable reactiv- 
ity for Melan A, MiTE actin, and desmin. Cytokeratins have 
been negative. The differential diagnosis includes epithelioid 
leiomyosarcoma, urothelial carcinoma, paraganglioma, and 
inflammatory myofibroblastic tumor. 


HEMATOPOIETIC AND LYMPHOID TUMORS 


Malignant Lymphoma 
Clinical Features 


Involvement of the bladder by malignant lymphoma is usu- 
ally secondary to systemic lymphoma. In autopsy series of 
patients dying with non-Hodgkin lymphoma, bladder involve- 
ment has been identified in up to 13% of the cases.”°””°8 The 
majority of patients are asymptomatic. Much less frequent 
is the development of primary malignant lymphoma in the 
bladder in the absence of systemic lymphoma.” 7 Such 
cases account for only 0.2% of all cases of extranodal malig- 
nant lymphoma. Ohsawa et al.’ reported three cases and 
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critically reviewed the world literature, identifying 27 addi- 
tional examples. The majority of patients with primary lym- 
phoma of the bladder are women (male:female ratio, 1:6.5), 
usually in the seventh and eighth decades (median age, 64 
years). Most patients present with gross hematuria but may 
complain of dysuria or irritative symptoms. Cystoscopically, 
the tumor is single or multiple, and sessile or polypoid. In a 
few cases, diffuse involvement without formation of a dis- 
crete mass may be seen. The presence of intact mucosa over- 
lying the mass is a useful clue to the diagnosis. 

The treatment of choice for these tumors is radiotherapy. In 
cases with tumor outside the bladder, systemic therapy may be 
indicated. Although the prognosis for these patients has his- 
torically been poor, it is now clear that patients presenting with 
disease limited to the bladder have a good outcome following 
radiotherapy. In 27 cases summarized by Ohsawa et al., only 
three died of tumor, and the 5-year survival was 82%. 


Pathology 


Lymphoma appears as a solid mass, forming sessile or pol- 
ypoid lesions. Treatment is medical, and pathologic mate- 
rial is usually a biopsy or transurethral resection specimen. 
Histologically, the tumor consists of a diffuse, infiltrative 
proliferation of lymphoid cells surrounding and permeating 
normal structures rather than replacing them. The most com- 
mon type of primary lymphoma is considered to be low-grade 
mucosa-associated lymphoid tissue (MALT) lymphoma 
(Fig. 6-163).’°° Other types reported include diffuse large cell 
and small lymphocytic lymphoma; less frequently, follicular, 
plasmacytoid, mantle zone, and monocytoid are found. Cases 
studied with immunohistochemistry have all been of B-cell 
origin.’”” Very rare T-cell lymphomas have been reported’°.” 
including one case with a sarcomatoid morphology.” Primary 
Hodgkin disease involving the bladder is extremely rare.’ 


Differential Diagnosis 


The major differential diagnostic considerations of malignant 
lymphoma are a florid chronic inflammatory process, small 
cell carcinoma, and lymphoma-like carcinoma. Inflammatory 
processes should not be a significant problem; these lesions 
contain a polymorphous infiltrate without formation of a 
mass lesion, and immunohistochemistry, documenting poly- 
clonality, may be helpful. Small cell carcinoma is increas- 
ingly reported in the bladder.” It has histologic features 
identical to small cell carcinoma elsewhere. The presence 
of a cohesive growth pattern, prominent nuclear molding, 
and an identifiable urothelial or other epithelial component 
in up to one-half of cases should allow for its diagnosis. In 
biopsies, the use of immunohistochemistry can be helpful; 
lymphoma should be cytokeratin negative and leukocyte 
common antigen positive. Most cases of small cell carcinoma 
are cytokeratin positive and all should be leukocyte common 
antigen negative. Several examples of carcinoma other than 
the small cell type resembling malignant lymphoma have 
been described.** Examples of lymphoepithelioma-like 
carcinoma resembling nasopharyngeal carcinoma are well 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


As* : ' i -a : : 
Figure 6-163 E Malignant lymphoma of the bladder showing the typical histology of a MALT-type lymphoma (A) and with strong 
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expression of CD79A (B). 


described.” This tumor has syncytial groups of cytoker- 
atin-positive carcinoma cells in a polymorphous inflamma- 
tory background. Awareness of the entity, combined with 
immunohistochemical results, should prevent misdiagnosis. 


Leukemia 
Clinical Features 


Involvement of the bladder is identified at the time of 
autopsy in 15% to 26% of patients dying with leukemia.”*””"* 
It is, however, an infrequent cause of symptomatic involve- 
ment during the course of disease.“ In patients with leuke- 
mia involving the bladder, significant symptoms including 
severe hematuria can occur.’ In patients treated by bone 
marrow transplantation, hemorrhagic cystitis is a significant 
complication in up to 8% of patients and is not related to 
recurrence of the leukemia in the bladder, but is usually drug 
related or due to viral infection.” Occasionally urinary 
bladder involvement may be the initial presentation of leuke- 
mia. Almost all of these have been in cases of acute myeloid 


AG 


leukemia with initial presentation as hematuria and a bladder 
mass (granulocytic sarcoma).’77! 


Pathology 


The histologic features are dependent on the type of leu- 
kemia (Fig. 6-164). In general the bladder wall is diffusely 
infiltrated by tumor cells. This is the typical pattern present 
for lymphocytic leukemia. The infiltrating cells are discohe- 
sive and uniform with the cytologic features specific for the 
type of acute lymphocytic leukemia. 

In cases of acute myeloid leukemia a mass may develop. 
Several examples of myeloid (granulocytic) sarcoma have 
been described”’” including in nonleukemic patients.” In 
these cases there is a proliferation of myeloblasts. The cells 
will appear more monotonous than in a high-grade urothe- 
lial carcinoma, with less cytoplasm and evidence of myeloid 
differentiation with cells having coarse eosinophilic cyto- 
plasmic granules. Immunohistochemical studies will dem- 
onstrate expression of myeloid markers such as CD68 and 
CD117. A myeloperoxidase stain will also be positive.” 
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Differential Diagnosis 


For lymphocytic leukemias the differential diagnosis includes 
malignant lymphoma, small cell carcinoma, or a high-grade 
urothelial carcinoma. The latter is particularly important for 
granulocytic sarcoma. The key to avoiding a misdiagnosis of 
urothelial carcinoma is thinking of the possibility in a tumor 
with unusual morphology.’” 


Plasmacytoma 
Clinical Features 


Extramedullary plasmacytoma has been described in the 
urinary bladder.’”-7”° These have occurred in adults, over a 
wide age range, with a female preponderance. A case has 
been described post renal transplantation.” Hematuria is 
the most common presentation.’”* Plasmacytomas occur as 
isolated lesions without associated multiple myeloma or can 
develop in patients with known systemic disease. A variety 
of treatments have been applied including radiation and sur- 
gery. Prognosis has generally been favorable with a minor- 
ity of patients presenting as isolated masses subsequently 
developing systemic disease. Multiple myeloma can also 
involve the urinary bladder in patients known to have the 
disease.” 


Pathology 


The tumor can be quite large (up to 4 cm) and well- 
circumscribed.’ Microscopically there is a proliferation of 
plasma cells with varying degrees of differentiation within 
the bladder wall. The cells are poorly cohesive, a feature that 
may be best appreciated at the edge of the lesion. These have 
been recognized in urine cytology specimens.” 


Differential Diagnosis 


The major differential diagnoses are malignant lymphoma 
and plasmacytoid urothelial carcinoma. Plasmacytoma 
expresses lymphoid and plasma cell markers such as pan-B- 
cell markers and kappa or lambda light chains. Plasmacytoid 
urothelial carcinoma can be recognized by obvious epithelial 
areas in most cases. In difficult cases immunohistochemistry 
is diagnostic; plasmacytoid carcinoma expresses epithelial 
markers including pancytokeratin, cytokeratin 7, and cyto- 
keratin 20. Plasmacytoid carcinoma can express CD 138, a 
marker also expressed by plasma cells.” 


OTHER TUMORS 


Malignant Melanoma 
Clinical Features 


Primary malignant melanoma of the urinary tract is rare 
with the urethra being the most common site; the urinary 
bladder is involved less frequently.”°”** A comprehensive 
review published in 2006 identified 18 acceptable cases.” 
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(this case was metastatic). 


The pathogenesis is uncertain but these may be related to 
rare examples of melanosis involving the bladder.”**”* 
Melanosis of the bladder is characterized by multifocal and 
diffuse pigmentation of the bladder mucosa. The tumors 
occur in approximately equal numbers between men and 
women over a wide age range. Hematuria is the most com- 
mon presentation. A case diagnosed by urinary cytology has 
been described.” Treatment has been primarily surgical; the 
prognosis is poor. 


Pathology 


There are no specific gross pathologic features. Microscopi- 
cally the tumors have typical features of melanoma with nests 
of large pleomorphic cells with macronuclei and prominent 
nucleoli (Fig. 6-165). Melanin pigment is present in vari- 
able quantities. Melanosis has been present in some cases. 
Immunohistochemical studies show typical features of mela- 
noma with positivity for HMB45, melan-A, and S100 pro- 
tein with no expression of epithelial markers. 


Differential Diagnosis 


The major differential diagnosis is with metastatic mela- 
noma, which is much more common than primary tumors.”*° 
Because of this, strict criteria have been proposed for 
the diagnosis of primary melanoma in the urinary tract 
(Box 6-8).””’ These include (i) no history of cutaneous 


Box 6-8 @ DIAGNOSTIC CRITERIA FOR 
PRIMARY BLADDER MELANOMA 


No history of melanoma 

Negative physical exam for other primary 
No subsequent primary elsewhere 
Spread consistent with bladder origin 
Intramucosal component 
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melanoma, (ii) a negative physical examination of the skin 
and mucosal surfaces, (iii) no subsequent development of 
melanoma at a more common primary site, (iv) a pattern of 
recurrence consistent with origin in the urinary bladder, and 
(v) the presence of intramucosal atypical melanocytes at the 
tumor edge. 

Other tumors with a nested pattern of growth including 
urothelial carcinoma and paraganglioma should also be con- 
sidered. These can be readily distinguished by immunohis- 
tochemical studies. 


Paraganglioma 


Paraganglioma is believed to arise from paraganglionic tis- 
sue that can be found in the wall of the urinary bladder.” 
Paraganglionic tissue is most often present in the anterior 
or posterior walls and can be found anywhere within the 
wall. The most frequent genetic abnormalities in para- 
ganglioma involve the succinate dehydrogenase family of 
genes (SDHA, SDHB, SDHC, and SDHD). Mutation of the 
SDHB (1p35-p36.1), SDHC (1q21), and SDHD (11q23) 
genes have all been identified in paraganglioma, most often 
in young patients, familial syndromes, malignant tumors 
and intra-abdominal tumors.” These have less often been 
documented in sporadic pheochromocytoma.’*? The SDHB 
gene has most often been implicated in extra-adrenal 
paraganglioma.’””° 


Clinical Features 


The first description of paraganglioma in the urinary bladder 
is credited to Zimmerman et al.”! These occur at any age 
though they are distinctly uncommon in children”; there is 
a slight female predominance.” It accounts for <0.1% 
of bladder neoplasms.* Paraganglioma arises sporadically 
or develops in certain inherited conditions including von 
Recklinghausen disease, multiple endocrine neoplasia type 
2, and von Hippel-Lindau disease.’ For paragangliomas of 
the urinary bladder there are no known predisposing con- 
ditions, with only rare cases reported in patients with von 
Recklinghausen disease” and von Hippel-Lindau disease.”* 

Hematuria is the most common presenting feature but 
a significant number of patients report episodic headache, 
palpitations, and sweating related to micturition. There may 
be a history of systemic hypertension. Catecholamine eleva- 
tion can be demonstrated in most patients. By cystoscopy 
the mass is intramural; ulceration of the overlying mucosa 
can be present. Diagnosis is made on biopsy or transurethral 
resection. 

Treatment of urinary bladder paraganglioma is pri- 
marily surgical by transurethral resection, partial cystec- 
tomy, or radical cystectomy. A review of 246 cases culled 
from the literature found 14% to be malignant with spread 
beyond the urinary bladder and/or metastases.°” Predicting 
malignant behavior remains uncertain.”*”*"' In general 
metastatic paraganglioma has not been very responsive to 
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Figure 6-166 W Paraganglioma of the bladder producing a 
submucosal mass. 


chemotherapy. Recent reports indicate that a higher level of 
responsiveness may be seen with tyrosine kinase inhibitors 
such as sunitinib.” 


Pathology 


The tumor is characteristically intramural in location 
(Fig. 6-166). Paraganglioma is relatively well circumscribed 
with most ranging from several millimeters to 5 cm in greatest 
dimension though much large tumors have been described. 

The histology is similar to paraganglioma at other loca- 
tions. The cells are arranged in variably sized nests (zellbal- 
len) with a prominent vascular network in the background 
(Figs. 6-167 and 6-168). There are two cell types present. 
The cells in the nests have moderate to abundant pale eosin- 
ophilic to clear cytoplasm. The cells can have an oncocytic 
appearance.’ Nuclei tend to be oval and occasional pleo- 
morphic nuclei are present. At the periphery of the nests a 
second population of flattened cells (sustentacular cells) can 


Figure 6-167 W Paraganglioma of the bladder with overly- 
ing urothelium. 
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muscularis propria. 


often be appreciated. Mitotic activity is variable (Fig. 6-169). 
Calcification can be prominent.* Rare examples of com- 
posite paraganglioma—ganglioneuroma and paraganglioma 
with neuroblastoma-like foci have been described.*°*** 

Immunohistochemical studies demonstrate consistent pos- 
itivity with neuroendocrine markers (chromogranin, synapto- 
physin, neuron-specific enolase) (Fig. 6-170A).7°%-79>79°8 The 
sustentacular cells express the S100 protein (Fig. 6-170B).*"! 
There is no immunoreactivity for cytokeratins or other 
epithelial markers.” Ultrastructural examination dem- 
onstrates neurosecretory granules.”*78 DNA ploidy 
analysis has been shown to be of limited value in predicting 
behavior, 94795-799801 


Differential Diagnosis 


The major differential diagnoses are nonneoplastic para- 
ganglionic tissue and urothelial carcinoma.’” In limited 
biopsies, the possibility of normally present paraganglionic 


0 E Paraganglioma of the bladder with 


FIGURE 
tacular cells (B). 


Chapter 6 li Tumors of the Urinary Bladder 427 


as” G&S. 
ee om 


aeae Stace, e Pat 
NS aw a 
gure Er ae) 4 epee | 


ae as perk" 
: oF EER, nge Bn s | 
arn See cy r ILS A 


69 E Paraganglioma of the bladder with frequent 
mitoses. 


tissue should always be considered prior to rendering a 
diagnosis of paraganglioma. Invasive urothelial carcinoma 
can grow as variably sized nests both in the nested variant 
and in usual carcinoma.” The nested variant is character- 
ized by small nests of cells that are infiltrative and lack the 
prominent vascular network of paraganglioma. In contrast 
to paraganglioma the nests do not form a circumscribed 
mass and are usually separated by variable amounts of stro- 
mal tissue. The nuclei in the nested variant tend to be rela- 
tively uniform and lack the degree of pleomorphism often 
present in paraganglioma. Cytoplasmic characteristics may 
be similar between urothelial carcinoma and paragangli- 
oma. Cautery artifact in small samples can result in misdi- 
agnosis.” Immunohistochemistry can readily differentiate 
these two. 

Other considerations in the differential diagnosis should 
include granular cell tumor, alveolar soft part sarcoma, and 
metastatic renal cell carcinoma. Granular cell tumors are 
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typically small and infiltrative and will diffusely express 
the S100 protein. Alveolar soft part sarcoma does not 
express neuroendocrine markers.*!° Metastatic renal cell 
carcinoma will express cytokeratins and not neuroendo- 
crine markers. 


GERM CELL TUMORS | 


Trophoblastic Tumors 


The older literature contains several reports of primary cho- 
riocarcinoma of the urinary bladder. As noted by Eble and 
Young,*!! since the recognition that trophoblastic differen- 
tiation occurs in urothelial carcinoma, such reports have 
largely disappeared from the recent literature. The identifi- 
cation of isochromosome 12 in a case of choriocarcinoma in 
the bladder does support its rare occurrence as a primary in 
the bladder.*® Prior to accepting the diagnosis the possibil- 
ity of urothelial carcinoma with trophoblastic differentiation 
must be excluded. In most cases the urothelial carcinoma 
component will be evident. When typical syncytiotropho- 
blastic giant cells are found, the background cells will most 
often be pleomorphic and not have features of cytotropho- 
blasts. Metastatic choriocarcinoma requires clinical correla- 
tion for exclusion. 


Dermoid Cyst or Teratoma 


There have been a handful of reports of dermoid cysts occur- 
ring in the bladder of female patients.*!* *!° In one case, the 
lesion presented as an intraluminal mass mimicking a blad- 
der stone.*!4 Secondary involvement of the bladder by direct 
invasion from dermoid cyst of the ovary is well-described*'® 
and should be excluded before accepting a lesion as being 
primary. Dermoid cysts in the bladder are similar to those 
developing elsewhere with keratinizing squamous epithe- 
lium and skin adnexal structures. In the bladder most have 
contained hair and have been calcified.*" 

Cases of teratoma distinct from dermoid cyst have also 
been described in the urinary bladder.*'’*'® One of these 
occurred in an 8-year-old girl with no evidence of teratoma 
at another site.’ 


Yolk Sac Tumor 


A single example of yolk sac tumor arising in the bladder 
proper has been described. The tumor presented as a large 
polypoid mass in a 1-year-old boy.®!° 

Three cases of yolk sac tumor developing in the ura- 
chus have also been reported.**°*”? Two developed in chil- 
dren (7-month-old male and 2-year-old child) and one 
in a 44-year-old woman. These cases have demonstrated 
typical histologic features of yolk sac tumor with elevated 
serum alpha-fetoprotein levels. No tumor at another site 
was found with 3 years’ and 3 years, 8 months’ follow-up, 
respectively, in the 7-month-old and 2-year-old children, 
respectively. 


SECONDARY TUMORS | 


Clinical Features 


Secondary involvement of the bladder by tumors from 
other sites can occur by direct extension or by metastatic 
spread.®>*384 These account for approximately 2.3% of 
surgical bladder tumor specimens.” Direct extension is 
most frequent, accounting for 70% of cases, with carcino- 
mas of the prostate gland, colorectal region, and uterine 
cervix being most important.’ Blood-borne metastases to 
the bladder can originate in many sites with the stomach, 
malignant melanoma, lung, breast, and kidney being most 
frequent.?”585826 Rare examples from almost any other ori- 
gin can be found in the literature. 

The possibility of a secondary tumor should always be 
considered when the morphologic features do not fit with 
those of urothelial carcinoma or one of its variants. Tumors 
that do not appear to be mucosa based or that have pre- 
dominant or pure vascular space involvement may indicate 
origin elsewhere. In one large series the majority (97%) of 
secondary tumors produced a single mass.” For nonurothe- 
lial carcinoma the possibility of secondary involvement is 
always a consideration. Detailed discussion of these is found 
in the sections on primary adenocarcinoma, squamous cell 
carcinoma, and small cell carcinoma, respectively. In this 
section, common sites of origin are discussed individually. 


Prostatic Adenocarcinoma 


Involvement of the bladder by prostatic adenocarcinoma most 
often occurs in the setting of known locally advanced disease 
or recurrence following prior therapy (most often radiation 
therapy). In these cases the serum PSA may not be elevated. 
Secondary involvement is almost always by direct invasion, 
making the bladder neck and trigone the preferred location. 
In most cases, the diagnosis of prostatic adenocarcinoma 
is apparent based on morphologic features alone (Fig. 6-171). 


bladder; the morphology is readily identifiable as prostatic. 
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Figure 6-172 W Prostatic adenocarcinoma in the bladder that was misdiagnosed as urothelial carcinoma (A). The nuclear features are 
an important clue to the correct diagnosis (B). 


The ductal variant of prostatic adenocarcinoma frequently 
has a complex papillary component that can mimic urothe- 
lial carcinoma. Further, these tumors can have a cribriform 
architecture that mimics enteric adenocarcinoma, a pattern 
that can be present in urothelial carcinoma with glandular 
differentiation. Cribriform architecture without an enteric 
look would be extremely unusual in urothelial carcinoma. In 
both of these, the nuclear morphology is an important clue 
with the uniformity of the nuclei and often a single promi- 
nent nucleolus in contrast to the greater degree of pleo- 
morphism typical of urothelial carcinoma (Fig. 6-172). In 
mucinous prostatic adenocarcinoma, the glands suspended 
in the extravasated mucin look like prostate cancer glands 
with small fused acini having uniform nuclei with single 
prominent nucleoli. Urothelial carcinoma with glandular 
differentiation and mucin production typically has an enteric 
appearance. Signet ring—like adenocarcinoma of the prostate 
is rare and almost always mixed with more typical prostatic 
adenocarcinoma. One characteristic feature is that these are 
usually mucin negative in contrast with signet ring carcino- 
mas of urothelial origin.**’ 

Most problematic is poorly differentiated carcinoma with- 
out features typical of either urothelial carcinoma or pros- 
tatic adenocarcinoma. In these cases, the presence of nuclear 
uniformity should raise the suspicion of prostatic origin. 
The cytoplasm in prostatic carcinoma is often pale or even 
slightly foamy in contrast with the more dense and eosino- 
philic cytoplasm of urothelial carcinoma. Squamoid features 
or squamous differentiation would strongly favor urothelial 
origin. It should be remembered that both urothelial carci- 
noma and prostatic adenocarcinoma can coexist and colli- 
sion tumors in the urinary bladder have been described.: 

In many difficult cases, immunohistochemistry is neces- 
sary to resolve the differential diagnosis. Over 90% of poorly 
differentiated prostatic adenocarcinoma cases will stain, at 
least focally for PSA and/or PSAP.?58828 Some tumors that 
are nonreactive for PSA and PSAP will demonstrate positive 


immunoreactivity for p501s or PSMA.** These markers 
are uniformly negative in urothelial carcinoma although a 
few reports have appeared over the years describing vari- 
able expression of these markers in a handful of cases of 
primary adenocarcinoma of the bladder.!” Approximately 
80% of urothelial carcinomas express p63 while poorly dif- 
ferentiated prostatic adenocarcinoma is negative. GATA3 is 
expressed by 67% of urothelial carcinomas but not by pros- 
tatic adenocarcinoma. Placental S100 (S100P) has been 
reported to be positive in 78% of urothelial carcinomas com- 
pared to 2% in prostatic adenocarcinomas.?°° High molecular 
weight cytokeratin is expressed by up to 90% of urothelial 
carcinomas; it has been reported to be focally expressed in 
<10% of prostatic adenocarcinoma.***? Both cytokeratin 
7 and 20 are commonly expressed by urothelial carcinoma 
(approximately 90% and 60%, respectively) but can also be 
expressed by prostatic adenocarcinoma (approximately 15% 
and 20%, respectively) and so are of limited value in indi- 
vidual cases.?58274.275 


Colorectal Adenocarcinoma 


Direct invasion of the urinary bladder by adenocarcinoma of 
the gastrointestinal tract occurs with sufficient frequency to 
create diagnostic problems (Fig. 6-173).°°**° In most cases, 
the problem is the distinction of these tumors from primary 
adenocarcinoma of the bladder. This topic has been covered 
in detail earlier in the section on primary adenocarcinoma 
and is not repeated here. 


Uterine Cervix and Endometrial Carcinoma 


Carcinoma of the uterine cervix and endometrium can invade 
directly into the wall of the urinary bladder (Fig. 6-174). 
This is frequent enough with cervical carcinoma that cystos- 
copy may be a regular part of the workup for patients with 
bulky or locally advanced disease.**!*3? Currently the major 
use of cystoscopy is to confirm balder invasion suspected 
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Figure 6-173 WE Colonic adenocarcinoma metastasis to the 
bladder. 


on imaging examinations.*? For squamous cell carcinoma 


of the cervix, there are no reliable morphologic criteria to 
distinguish these from primary squamous cell carcinoma of 
the urinary bladder. This distinction largely requires correla- 
tion with the clinical impression and radiologic findings that 
in most cases can determine the epicenter and likely origin 
of the lesion. Although the finding of keratinizing squamous 
metaplasia with dysplasia of the urothelium may suggest 
bladder origin, this is not absolute and should not be relied 
upon. Cervical squamous cell carcinoma and urothelial car- 
cinoma frequently express p16 (60% vs. 30% to 50%), mak- 
ing this marker of no value in the differential diagnosis.” 
In situ hybridization for HPV DNA could be helpful as this 
can be detected in the majority of cervical but not bladder 
squamous cell carcinomas.*'*°?’ 

Adenocarcinoma of the uterine cervix is most often 
endocervical in type with complex and branching glandular 


Figure 6-174 E Endometrial adenocarcinoma invading the 
bladder wall. 


structures lined by columnar mucin-secreting cells with 
basally located nuclei. This morphology would be highly 
unusual in either urothelial carcinoma with glandular dif- 
ferentiation or primary adenocarcinoma of the bladder. 
Less frequent patterns such as papillary serous adeno- 
carcinoma, endometrioid adenocarcinoma, and clear cell 
adenocarcinoma would have much more potential for 
morphologic overlap with primary bladder carcinomas. 
Immunohistochemistry demonstrates expression of p16 
and in situ hybridization is positive for HPV DNA in a 
high percentage of cervical adenocarcinomas.** Urothelial 
carcinoma and bladder adenocarcinoma can also express 
p16.4835 HPV has not been demonstrated to be involved 
in the development of bladder cancers though there is no 
data on HPV DNA expression in primary bladder adeno- 
carcinoma or urothelial carcinoma with glandular differ- 
entiation. Nonetheless, demonstration of HPV DNA in 
a problem case would strongly support an endocervical 
origin. Correlation with the clinical findings would be 
needed to fully resolve the differential diagnosis. 


Malignant Melanoma 


Primary malignant melanoma of the urinary bladder is 
extremely rare, and so, any involvement of the bladder 
should be considered a metastasis until proven otherwise.’*° 
The presence of an in situ component with intraepithelial 
atypical melanocytes would suggest a primary in the bladder 
while the presence of multiple nodules and a prominent intra- 
vascular component would favor metastasis. Irrespective of 
the pathologic features, careful clinical evaluation is neces- 
sary prior to diagnosing the lesion as primary or secondary. 


Breast Carcinoma 


There have been several examples of metastatic breast car- 
cinoma involving the urinary bladder reported.**°3**3* The 
breast is estimated to account for approximately 2.5% of 
cases of metastatic tumors to the bladder.’ Most cases occur 
in the setting of known carcinoma of the breast and typically 
in patients with advanced disease.**° Rare examples of breast 
carcinoma presenting with urinary symptoms have been 
described.” Even with a known history, the morphology 
may be similar to primary urothelial carcinoma and cause 
diagnostic difficulty. The plasmacytoid variant of urothelial 
carcinoma has overlapping morphologic features with lobu- 
lar carcinoma of the breast and has been reported under the 
term “lobular carcinoma-like urothelial carcinoma.”** Most 
cases of plasmacytoid urothelial carcinoma are mixed with a 
more typical component and when present would lead to the 
correct diagnosis. The “targetoid” cytoplasmic inclusions 
typical of lobular carcinoma are not a feature of plasmacy- 
toid carcinoma and if present would favor a breast primary. 
Positive reactivity for p63 and/or high molecular weight 
cytokeratin would favor urothelial origin. Expression of 
both estrogen and progesterone receptors would support a 
breast origin but is not specific; estrogen receptor has been 
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reported to be expressed by up to 80% of invasive urothe- 
lial carcinomas.*® °7' It appears that this is due to expression 
of the P form with expression of estrogen receptor- being 
infrequent. In one study estrogen receptor- was detected 
in 63% of 140 tumors studied compared to only 1.4% for 
estrogen receptor-o1.7” In another report, estrogen receptor-a 
was detected in 4.5% of 198 tumors examined.’” There is 
much less information on progesterone receptor expression. 
Bolenz et al.’”' did not detect any immunoreactivity for pro- 
gesterone receptor in 198 specimens. In a study of 10 cases 
of plasmacytoid urothelial carcinoma (lobular carcinoma— 
like urothelial carcinoma), 20% of cases expressed estrogen 
and/or progesterone receptors.** 


Renal Cell Carcinoma 


The literature contains numerous reports of metastatic renal 
cell carcinoma involving the urinary bladder*?>*#°*” with a 
recent review identifying fewer than 40 cases in total.*? 
The majority occur in the setting of known metastatic dis- 
ease. These can appear many years after nephrectomy for 
the primary tumor.* It has been hypothesized that some 
of these are due to seeding of the bladder by cells transit- 
ing within the urinary tract.*4 Most cases are associated 
with gross hematuria. Cystoscopy shows sessile or spheri- 
cal protrusions into the bladder lumen. Microscopically 
the tumor shows the typical features of clear cell renal cell 
carcinoma. 

The major differential diagnosis is with the clear cell 
variant of urothelial carcinoma. In most cases of urothelial 
carcinoma, the clear cytoplasm occurs in large tumor nests 
with a squamoid morphology that does not have the typical 
sinusoidal vascular pattern of clear cell renal cell carci- 
noma. Unusual examples of urothelial carcinoma focally 
can have small nests of cells with clear cytoplasm and a 
prominent vascular network that does mimic renal cell car- 
cinoma. Immunohistochemistry can readily distinguish the 
two with urothelial carcinoma expressing cytokeratins 7 
and 20, p63, and high molecular weight cytokeratin. Clear 
cell renal cell carcinoma lacks expression of these mark- 
ers but does express the renal cell carcinoma antigen and 
PAX 8. 


Other Sites of Origin 


Metastasis from serous carcinoma of the female genital tract 
can closely mimic the micropapillary variant of urothelial 
carcinoma.’ Psammomatous microcalcifications are typical 
of serous carcinoma and are not seen in micropapillary uro- 
thelial carcinoma. In difficult cases, immunohistochemistry 
is helpful with serous carcinoma expressing WT-1 and PAX 
8, markers not found in urothelial carcinoma.*” 

Metastatic non-small cell carcinomas of lung origin will 
reflect the histology of the primary type. In some cases, this 
could mimic urothelial carcinoma. The majority of carcino- 
mas of lung origin are TTF-1 positive while urothelial car- 
cinoma infrequently expresses TTF-1.”°? Metastatic small 
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cell carcinoma of lung origin is discussed in the section on 
primary small cell carcinoma. 


STAGING 


Malignant epithelial tumors of the urinary bladder are staged 
according to the AJCC/TNM staging system. The most 
recent version (2010) of the staging system has not changed 
since the prior (2002) version in terms of the T category defi- 
nition (Tables 6-14 and 6-15).°*’ As discussed earlier, stage is 
arguably the most powerful prognostic indicator and is criti- 
cally important in therapeutic decision making. The patholo- 
gist plays a central role in the assignment of local clinical (T) 
and ultimately a final pathologic stage (pT). In the following 
sections individual issues related to the assessment of blad- 
der cancer specimens as related to accurate assignment of 
stage are discussed. 


Diagnosis of Invasion 


Having made a diagnosis of either a papillary neoplasm or 
CIS, the next decision that must be reached is whether there 
is or is not invasion of the underlying tissue. In most cases 
this is straightforward; however, it is not uncommon to face 
cases where this can be quite problematic. Several reports 
have documented significant differences in the diagnosis of 
the presence or absence of invasion and in the presence or 
absence of muscularis propria invasion.>*4>*” In two large 
series, 35% and 53% of cases reported to be T1 were con- 
sidered to be noninvasive on review.*®“ The literature con- 
tains many series that include grade | tumors reported to 
be invasive (T1); the existence of such cases has been chal- 
lenged.**°! In my experience, all tumors reported as grade 1 
T1 have been either noninvasive or higher grade. The diag- 
nosis of invasion should always be made with caution in 
low-grade papillary tumors. In contrast, any case of high- 
grade papillary carcinoma or CIS should be studied with 
the mindset that invasion is common and must be excluded. 
For papillary lesions invasion can occur at the tumor base 
or within the fibrovascular cores so both areas must be 
evaluated. 

A variety of histologic features are clues to inva- 
sion into the underlying lamina propria/submucosa 
(Table 6-22).°?'7-*48 With even early invasion, individual 
tumor cells often have different morphologic features than 
the in situ tumor including more abundant eosinophilic 
cytoplasm or higher nuclear grade (Fig. 6-175). An associ- 
ated stromal response including desmoplasia, edema (myx- 
oid), fibrosis, and inflammation is frequently but not always 
present (Fig. 6-176). Retraction artifact around small clus- 
ters of cells suggests that they are invasive (Fig. 6-177). In 
some cases, the small size of the nests or presence of single 
cells is not compatible with tangential sectioning of an 
overlying papillary tumor (Fig. 6-178). The type of stromal 
reaction has not been found to have prognostic significance 
in T1 tumors.** If there is a marked inflammatory infiltrate, 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


432 Urological Pathology 


Table 6-22 @ CRITERIA FORTHE DIAGNOSIS 


OF INVASION INTOTHE LAMINA PROPRIA BY 
UROTHELIAL CARCINOMA 


Histologic grade 
e Invasion much more frequent in high-grade lesions 
(but not exclusively) 


Epithelial features 

e Irregularly shaped nests 
Single cell infiltration 
Irregular or absent basement membrane 
Tentacular fingerlike projections 
Invading cells with more abundant eosinophilic 
cytoplasm “paradoxical differentiation” 


Stromal features 
e Desmoplasia or fibrosis 
e Myxoid stroma 
e Pseudosarcomatous stroma 
e Retraction artifact 
e Inflammation 
e No stromal change 


care must be taken to look carefully for obscured tumor 
cells or nests of cells, and occasionally a cytokeratin stain 
is needed to clarify the nature of suspicious cells. Certain 
variants of urothelial carcinoma can mimic lymphoid 
lesions including so-called lymphoma-like patterns,” plas- 
macytoid urothelial carcinoma,*”? and lymphoepithelioma- 
like carcinoma.” 


Muscularis Propria Invasion 


Having determined that invasion is present, the next most 
critical feature is assessing the specimen for muscularis 
propria invasion. This is often viewed as the most critical 
parameter in treatment algorithms with T1 tumors man- 
aged primarily by transurethral resection and intravesical 
therapy (most often BCG) and T2 tumors by cystectomy; 


change in morphology of the invasive tumor from the overlying 
high-grade papillary tumor and the focal clefting around smaller 
invasive nests. 


irregular shape of the nests, the change in morphology of the inva- 
sive tumor, and the myxoid stromal reaction. 


as noted in the section on treatment, cystectomy is increas- 
ingly being performed for T1 disease.” Muscularis pro- 
pria must be distinguished from muscularis mucosae.*°-**! 
The former is characterized by thick, compact bundles of 
smooth muscle cells forming a “solid” tissue (Figs. 6-179 
and 6-180). In contrast, muscularis mucosae is character- 
ized by wispy collections of smooth muscle cells that only 
rarely form a “solid” layer (Fig. 6-181). The muscularis 
mucosae layer is typically associated with large vascular 
channels (Fig. 6-182). Infrequently the muscularis muco- 
sae can be thickened or form better-developed round bun- 
dles of smooth muscle (Fig. 6-183). The trigone region is 
problematic in that the muscularis propria has a pattern of 
interweaving smooth muscle bundles with a thin submu- 
cosa. In this region, the muscularis mucosae is for practical 
purposes impossible to define.*! Overdiagnosis of mus- 
cularis propria invasion has been documented to occur in 
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small irregular nests and the clefting around one nest. 
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Figure 6-178 W Invasive urothelial carcinoma. Note the 


nests. 


the muscularis propria. Although many of the individual bundles are 
thin, they retain the characteristic density of the muscularis propria. 
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Figure 6-181 WŒ Urothelial carcinoma invading the muscu- 
laris mucosae. The smooth muscle cells form thin tapered bundles. 
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Figure 6-182 Œ Urothelial carcinoma invading the muscula- 


ris mucosae. There are thick-walled blood vessels in the area of the 
muscularis mucosae. 
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Figure 6-183 E Urothelial carcinoma invading the muscula- 


ris mucosae. Infrequently the muscularis mucosae is composed of 
better-defined round smooth muscle bundles. 
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muscularis propria (A). Positive immunoreactivity for smoothelin (B) suggests that this is muscularis propria. 


a significant number of cases.“ The potential for using 
the smooth muscle marker smoothelin has been reported to 
preferentially stain the smooth muscle cells of the muscu- 
laris propria (Fig. 6-184).*°*°°3 Evaluation of problem cases 
has, however, shown limitations of the use of this antibody 
in daily practice.***> Vimentin has been reported in one 
study to be expressed much more intensely by the smooth 
muscle cells of the muscularis mucosae than the muscularis 
propria.*** 

Thermal artifact related to cautery can also result in the 
submucosa having a dense eosinophilic appearance mimick- 
ing the muscularis propria. In cases where muscularis pro- 
pria involvement is strongly suspected, a trichrome stain can 
be helpful. Desmin will also mark smooth muscle fibers but 
will not distinguish the layer of muscle. Actin should not be 
used for this purpose as it will strongly stain myofibroblasts 
and could lead to misinterpretation. 


Depth of Invasion 


If no muscularis propria invasion is present, the concept of 
substaging T1 tumors has been advocated. Two approaches 


Using the muscularis mucosae as a layer to substage T1 
tumors was first proposed by Younes et al.,°°! who reported 
that tumors invading to the level of the muscularis muco- 
sae or deeper behaved more like pT2 tumors than those with 
invasion superficial to this layer (Fig. 6-185). Many studies 
have subsequently repeated this analysis with most having 
similar results. Angulo et al.® also found this to be a pow- 
erful predictor of progression but noted that in many cases it 
was not possible to accurately apply this method of substag- 
ing. Others have found substaging to be possible in up to 
87% of cases.° 

Given the current interest in identifying patients with T1 
disease at high risk for progression in order to consider early 
cystectomy, it is appropriate to provide at least some descrip- 
tive information regarding the depth or volume of invasive 
disease. If muscularis mucosae invasion is present in a speci- 
men it may be appropriate to specifically report it. Further, if 
there is minimal invasion, terms such as superficial invasion 


have been taken. In 1982, Farrow et al.85 introduced the term 
microinvasion based on measuring the depth of invasion, 
with invasions <5 mm considered microinvasive. Cheng et 
al., applying a similar approach to a study of transurethral 
resection specimens, found invasion deeper than 4 mm to 
be the best cutoff for predicting the likelihood of extravesi- 
cal extension in the subsequent cystectomy specimen. In 
another study, van der Aa et al.*°* found 5 mm to be a signifi- 
cant cut point for predicting an increased risk of progression 
to muscle-invasive disease. Two other recent reports have 
found that more than even a single 200x field®*? or two or 
less high-power fields*® indicate a higher risk of progres- 
sion. At present there is no accepted definition of microinva- 
sion though this may eventually be defined with increased 
experience and study. 


Figure 6-185 W Invasive urothelial carcinoma extending 
down just to the level of the muscularis mucosae. 
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with a clarifier such as <1 mm or invasion superficial to the 
muscularis mucosae can be applied. 


Identification of T3 or T4 Disease 


The diagnosis of T3 disease in biopsy or transurethral mate- 
rial is complicated by the fact that fat can be present through- 
out the bladder wall, including the lamina propria.* For 
this reason, it is not possible to confirm T3 disease without 
examination of a cystectomy or partial cystectomy specimen. 


Table 6-23 


TRANSURETHRAL RESECTION SPECIMENS 
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SPECIMEN HANDLING AND REPORTING 


Guidelines for the handling and reporting of tumor-con- 
taining specimens obtained from the urinary bladder are 
available.*°?74!°8.86° These include contributions from the 
European Society of Uropathology,*"® the CAP,” and the 
International Consultation on Bladder Cancer.” In this sec- 
tion, the guidelines published by the CAP™ will form the basis 
for the reporting recommendations (Tables 6-23 and 6-24). 


CAP GUIDELINES FOR REPORTING OF TUMOR CONTAINING BIOPSY AND 


Histologic Type 


*Tumor Configuration (check all that apply) 


—— Urothelial (transitional cell) carcinoma 


_______ Urothelial (transitional cell) carcinoma with squamous 
differentiation 


______ Urothelial (transitional cell) carcinoma with glandular 
differentiation 


_—___ Urothelial (transitional cell) carcinoma with variant 
histology (specify): 

—— Squamous cell carcinoma, typical 

—— Squamous cell carcinoma, variant histology 
(specify): 

______ Adenocarcinoma, typical 

—— Adenocarcinoma, variant histology 
(specify): 

——__ Small cell carcinoma 

—— Undifferentiated carcinoma (specify): 


—— Mixed cell type (specify): 
______ Other (specify): 
Carcinoma, type cannot be determined 


*Associated Epithelial Lesions (check all that apply) 


x None identified 


*____- Urothelial (transitional cell) papilloma (WWHO/ISUP 1998) 

*_______ Urothelial (transitional cell) papilloma, inverted type 

$ Papillary urothelial (transitional cell) neoplasm, low 
malignant potential (WHO/ISUP 1998) 

g Cannot be determined 


Histologic Grade 
____ Not applicable 
Cannot be determined 


Urothelial Carcinoma (WHO/ISUP, 1998) 


Low-grade 
High-grade 
—— Other (specify): 


Adenocarcinoma and Squamous Carcinoma 


—— GX: Cannot be assessed 
—__ G1: Well differentiated 
______ G2: Moderately differentiated 
_____ G3: Poorly differentiated 
—— Other (specify): 


i Papillary 

: Solid/nodule 
irl 
*____sUlcerated 

* Indeterminate 
* Other (specify): 


Adequacy of Material for Determining T Category 


____ Muscularis propria (detrusor muscle) absent 
_____ Muscularis propria (detrusor muscle) present 
Indeterminate 


Lymph-Vascular Invasion 
—— Not identified 
Present 
Indeterminate 


Microscopic Eextent of Tumor (select all that apply) 


Cannot be assessed 
Noninvasive papillary carcinoma 
Flat CIS 
Tumor invades subepithelial connective tissue 
(lamina propria) 
Tumor invades muscularis propria (detrusor muscle) 
____ Urothelial CIS involving prostatic urethra in prostatic 
chips sampled by TURBT 
_—___ Urothelial CIS involving prostatic ducts and acini in 
prostatic chips sampled by TURBT 
_____ Urothelial carcinoma invasive into prostatic stroma in 
prostatic chips sampled by TURBT 


* Additional Pathologic Findings (check all that apply) 


*_____- Urothelial dysplasia (low-grade intraurothelial 
neoplasia) 

* Inflammation/regenerative changes 

*______Therapy-related changes 

2 Cautery artifact 

*____s Cystitis cystica glandularis 

* Keratinizing squamous metaplasia 

x Intestinal metaplasia 

* Other (specify): 

Comment(s) 


Reproduced from Amin M, Delahunt B, Bochner B, et al. Protocol for the examination of specimens from patients with carcinoma of the urinary 
bladder. In: Washington K, ed. Reporting on Cancer Specimens. Case Summaries and Background Documentation. Northfield, IL: College of 


American Pathologists; 2012, with permission. 
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Table 6-24 


AND ANTERIOR EXENTERATION SPECIMENS 


CAP GUIDELINES FOR REPORTING OF TUMOR IN PARTIAL OR RADICAL CYSTECTOMY 


Specimen 


Histologic Grade 


______ Bladder 
______ Other (specify) 
Not specified 


Procedure 


Partial cystectomy 

Total cystectomy 

Radical cystectomy 

Radical cystoprostatectomy 
______ Anterior exenteration 
______ Other (specify) 

Not specified 


*Tumor Site (select all that apply) 


* 


—— Trigone 
*_ Right lateral wall 
*______s Left lateral wall 
*_ Anterior wall 
* Posterior wall 
ž Dome 
* Other (specify) 
* Not specified 
Tumor size 
Greatest dimension: cm 
* Additional dimensions: x cm 


Cannot be determined (see comment) 


Histologic type 


______ Urothelial (transitional cell) carcinoma 

_——____ Urothelial (transitional cell) carcinoma with squamous 
differentiation 

______ Urothelial (transitional cell) carcinoma with glandular 
differentiation 

_____ Urothelial (transitional cell) carcinoma with variant 
histology (specify): 

—— Squamous cell carcinoma, typical 

_____ Squamous cell carcinoma, variant histology 
(specify): 

—— Adenocarcinoma, typical 

______ Adenocarcinoma, variant histology 
(specify): 

_—___ Small cell carcinoma 

—— Undifferentiated carcinoma 
(specify): 

______ Mixed cell type (specify): 

_____ Other (specify): 

______ Carcinoma, type cannot be determined 


Associated Epithelial Lesions (check all that apply) 


Not applicable 

Cannot be determined 

Urothelial Carcinoma (WHO/ISUP 1998) 

Low-grade 
High-grade 

—— Other (specify): 


Adenocarcinoma and Squamous Carcinoma 
______ GX: Cannot be assessed 

—— G1: Well differentiated 

—— G2: Moderately differentiated 

_____ G3: Poorly differentiated 

Other (specify): 


*Tumor Configuration (check all that apply) 


2 Papillary 

K Solid/nodule 
s Iiei 

*____ Ulcerated 

a Indeterminate 
* Other (specify): 


Microscopic Tumor Extension (select all that apply) 
None identified 
—— Perivesical fat 
______ Rectum 
______ Prostate stroma 
— Seminal vesicle (specify laterality) 
—— Vagina 
______ Uterus and adnexae 
______ Pelvic side wall (specify laterality) 
______ Ureter (specify laterality) 
—— Other (specify) 


Margins (select all that apply) 


Cannot be assessed 
______ Margins uninvolved by invasive carcinoma 
* Distance of invasive carcinoma from closest 
margin mm 
* Specify margins 
Margin(s) involved by invasive carcinoma 
Specify 
Margin(s) uninvolved by CIS 
______ Margin(s) involved by CIS 
Specify 


Lymph-Vascular Invasion 
_____ Not identified 
Present 


None identified 
_______ Urothelial (transitional cell) papilloma (WWHO/ISUP 1998) 
______ Urothelial (transitional cell) papilloma, inverted type 


Papillary urothelial (transitional cell) neoplasm, low 
malignant potential (WWHO/ISUP 1998) 


Cannot be determined 


Indeterminate 


Pathologic Staging (see Table 6.14) 


Additional Pathologic Findings (select all that apply) 


______ Adenocarcinoma of prostate (use protocol for 
carcinoma of the prostate) 


Continued 
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CAP GUIDELINES FOR REPORTING OF TUMOR IN PARTIAL OR RADICAL 


AND ANTERIOR EXENTERATION SPECIMENS (Continued) 


_____ Urothelial (transitional cell) carcinoma involving urethra, 
prostatic ducts and acini, with or without stromal 
invasion (use protocol for carcinoma of the urethra) 


*_____- Urothelial dysplasia (low-grade intraurothelial 
neoplasia) 
* Inflammation/regenerative changes 


* ss Therapy-related changes 

*_____s Cystitis cystica/glandularis 

4 Intestinal metaplasia 

x Keratinizing squamous metaplasia 
*Comments: 


Reproduced from Amin M, Delahunt B, Bochner B, et al. Protocol for the examination of specimens from patients with carcinoma of the urinary 
bladder. In: Washington K, ed. Reporting on Cancer Specimens. Case Summaries and Background Documentation. Northfield, IL: College of 


American Pathologists; 2012, with permission. 


Biopsy Specimens 


Biopsies are obtained by urologists using cold cup forceps, 
diathermy forceps, or a small diathermy loop; the former is 
preferred as the least artifact is introduced. These biopsies 
may be directed at a visible lesion, randomly obtained in a 
patient with hematuria or abnormal cytology in the absence 
ofa visible lesion, or be random samples of “normal” mucosa 
in a patient with known urothelial carcinoma to assess for 
the presence or absence of associated CIS. These biopsies 
should be immediately placed in fixative unless there is a 
specific protocol in place for another method. All submitted 
tissue should be processed for evaluation. Although some 
groups have recommended examination to determine the 
mucosal surface and embedding “on edge,” most randomly 
embed these specimens. At least two or three levels should 
be prepared for microscopic examination.*°*® In cases 
with tumor present, the CAP synoptic reporting guidelines 
include all essential information (Table 6-23). 

Not infrequently, these specimens have partial or even 
complete absence of the surface urothelium. In these situ- 
ations the concern is that CIS is present but the malignant 
cells have been lost, so-called denuding cystitis.*” In patients 
in whom there is a suspicion of malignancy, cutting deeper 
levels is recommended.” Deeper levels can identify tumor in 
von Brunn nests in some cases even when there is complete 
denudation of the surface epithelium. In other situations, rou- 
tinely obtaining additional levels is not necessary. Correlation 
with urine cytology can be helpful; urine cytology is almost 
always positive in cases of denuding CIS. Parwani et al.** 
reported positive urinary cytology in 54% of cases with a 
denuded biopsy specimen. None of the patients in this study 
with negative urine cytology and a denuded biopsy subse- 
quently developed urothelial carcinoma during the follow-up 
period. In another study of 44 patients with denuded bladder 
biopsies, 31% of patents were diagnosed with CIS within 24 
months.*® In that study, the most significant predictors for CIS 
were a history of CIS and the biopsy having been obtained by 
the cold cup method. The latter is less likely to result in a 
denuded surface in the absence of significant pathology. 

In biopsies with denuded surface epithelium, a diagnosis 
of “negative for malignancy” should not be made.*” Most 
urologists are aware of this issue, and reporting the biopsy 
as having denuded surface epithelium will alert them to the 


fact that the status of the urothelium remains uncertain. The 
absence of invasive carcinoma can be indicated and this 
information does have clinical value. 


Transurethral Resection Specimens 


In most situations where a visible tumor is present at the 
time of cystoscopy the urologist will elect to resect it using a 
transurethral resectoscope. This instrument has a diathermy 
loop and tends to remove tissue in strips with cautery arti- 
fact along the cutting edge. The TURBT is for diagnosis 
and may be therapeutic. The key information to be gleaned 
from these specimens is reflected in the CAP-recommended 
synoptic report (Table 6-23). The amount of tissue removed 
can vary from a few small fragments to literally hundreds 
of grams. The specimen should be placed in fixative at the 
time of resection unless a specific protocol for receiving the 
specimen fresh is in place. 

For smaller specimens all of the tissue removed should be 
submitted for histologic evaluation. For large specimens, an 
initial partial sampling is recommended. No optimal sampling 
strategy has been determined. Approaches such as one block 
for every centimeter of aggregated chips up to a maximum of 
10 blocks have been suggested.?’*® If the initial sample shows 
an invasive high-grade tumor with invasion of the muscularis 
propria, no further sampling is required. Any lesser degree of 
abnormality will require examination of the entire specimen. 
An initial sample showing a noninvasive low-grade papillary 
urothelial carcinoma could still harbor a high-grade tumor 
with or without invasion. In a noninvasive high-grade tumor, 
invasion can be focal and cannot be excluded until the entire 
specimen has been examined. Similarly, an invasive high- 
grade tumor can have demonstrable muscularis propria inva- 
sion in only a single tissue fragment. 


Partial Cystectomy Specimens 


Partial cystectomy has only a very limited role in the treat- 
ment of urothelial carcinoma and is an uncommon specimen 
in this setting.’” It can be used in selected patients with a 
tumor localized to a part of the bladder with a “free wall” 
including the dome or high on the anterior or lateral walls. 
The presence of CIS is a relative contraindication.*’!8” It 
is frequently used in patients with tumors arising in diver- 
ticula.8? This approach is most often used in the setting of 
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nonurothelial tumors including urachal adenocarcinoma and 
mesenchymal neoplasmas. 

These specimens are handled much the same way as radi- 
cal cystectomy specimens with sampling aimed at accurately 
staging the tumor. The assessment of the mucosal and soft 
tissue margins is much more relevant in these cases and 
often the margins will be evaluated by frozen section at the 
time of surgery. These are reported using the same template 
as for radical cystectomy specimens (Table 6-24). 


Radical Cystectomy Specimens 


Radical cystectomy in male patients includes removal of the 
urinary bladder, segments of both ureters, the prostate gland, 
both seminal vesicles, and a minimal amount of the urethra. 
Frozen section examination of the ureter margins is consid- 
ered standard although the urology literature does include 
a number of reports questioning the value of this. *” In 
some cases, particularly when a neobladder is being created, 
the surgeon may request a frozen section on the urethral 
margin. Radical cystectomy in females most often involves 
performance of an anterior exenteration with removal of the 
urinary bladder, segments of both ureters, the urethra with a 
portion of the vaginal wall, the uterus, cervix, and both fal- 
lopian tubes and ovaries (when present). In selected patients, 
an orthotopic bladder reconstruction approach is being used 
in women with preservation of the urethra and without resec- 
tion of vaginal tissue.*’"* In these cases, frozen section 
assessment of the urethra is critical at the time of surgery. 
The approach to the examination of the cystectomy 
specimen is determined by the significant information to 
be gained regarding the patients’ prognosis and indications 
for further therapy. The gross examination should include 
documentation of the various components received and the 
relevant organ measurements. The external surfaces should 
be evaluated for areas of possible tumor involvement. Soft 


cm 0 1 2 3 á 5 6 7 


Figure 6-186 E Cystectomy specimen that was inflated with 
formalin and allowed to partially fix prior to bivalving it. 


tissue resection margins should be inked; in males the exter- 
nal surface of the prostate should also be inked preferably 
with different colors to allow later orientation if necessary. If 
the specimen is fixed prior to dissection, inflating the blad- 
der with fixative can produce superior fixation and subse- 
quent sections (Fig. 6-186). Unless the situation indicates an 
alternate approach, the specimen is usually opened along the 
anterior surface (Fig. 6-187). Alternately, the specimen can 
be bisected using a probe in the urethra to guide the blade 
(Fig. 6-186). The location and size of grossly visible tumors 
or defects related to prior transurethral resection should be 
documented. The mucosa should be evaluated for any abnor- 
malities including reddened or indurated areas, granularity, 
or ulcerations (Fig. 6-188). Sections through the tumor are 
examined for gross evaluation of the tumor extent; substag- 
ing of the pT3 category is based on gross versus microscopic 
involvement of the perivesical fat (Fig. 6-189). Sections are 
submitted to confirm the gross impression. If the tumor 
grossly extends close to or appears to involve a margin this 
should be stated in the gross description and sections sub- 
mitted to document the observation. In males, if the tumor is 
in the trigone or bladder neck, sections should be submitted 
to show the relationship of the tumor to the prostate gland 
(Fig. 6-190). In female patients, cystectomy specimens usu- 
ally include a portion of the vagina, the uterus and cervix, 
and possibly the fallopian tubes and ovaries. Areas suspi- 
cious for involvement of these organs by direct tumor exten- 
sion should be sampled (Fig. 6-191). 


Figure 6-187 WE Cystectomy specimen that was opened 
along the midline anterior wall with a small “Y” cut producing the 
tongue of anterior wall at the top of the photo. 
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Figure 6-188 Cystectomy specimen with extensive muco- cm [1 2 3 4 5 
sal hemorrhage and ulceration. There was only focal invasion into Ficure 6-190 


the deep muscularis propria present (pT2b). Cystoprostatectomy specimen with a large 


tumor that grossly seems to directly invade the prostate gland 
(pT4a). 


Figure 6-191 Cystectomy specimen with a large urothe- 
Figure 6-189 Cystectomy specimen with a large tumor lial carcinoma (predominantly sarcomatoid histology) that is invad- 
that grossly involves the perivesical fat (pT3b). The tumor also ing to the lower uterine segment. Histologic examination confirmed 
appears to extend to the inked margin focally. invasion of the cervix stroma (pT4a). 
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The examination of the tumor includes a re-evaluation of 
the histologic type such as identification of a variant histol- 
ogy that was not present or recognized in the biopsy or trans- 
urethral resections specimen (e.g., micropapillary variant or 
presence of a small cell component) or reclassification of the 
tumor (e.g., initial specimen reported as squamous cell car- 
cinoma but identification of a urothelial component changes 
classification to urothelial carcinoma with squamous differ- 
entiation). Perhaps more important is the determination of 
the pathologic stage. Other significant pathologic features 
related to the tumor such as associated CIS and its extent if 
present are important prognostically and are also indicators 
of an increased risk of prostatic involvement!” or upper tract 
recurrence.*”**° Documentation of multifocality in the blad- 
der is important as this is also a significant risk factor for 
subsequent urethral®*! and upper tract recurrence.**° One of 
the purposes of submitting sections from uninvolved areas 
of the bladder is to assess for these features. Finally surgical 
margins need to be assessed. Identification and sampling of 
the ureters is not critical if these have been evaluated sepa- 
rately at frozen section or in segments submitted without 
frozen sections having been performed. The urethral margin 
needs to be evaluated if not sampled for frozen section. The 
soft tissue margins are also important, and surgical margins 
should be inked prior to sectioning. 

In male patients, the prostate must be examined for 
involvement by the bladder carcinoma and for other signifi- 
cant pathology. The prostatic urethra is often involved by 
urothelial carcinoma at the time of cystectomy for urothe- 
lial carcinoma of the bladder. In one study that completely 
submitted the prostate glands using whole mount sections, 
prostatic involvement was found in 38%. This was more 
frequent through spread along the urethra (83%) than by 
direct extension (17%). Involvement of the prostate gland 
has possible prognostic significance and is the most impor- 
tant risk factor for subsequent urethral recurrence.**!** 
When the prostate gland is directly invaded by the tumor this 
is considered pT4 disease; however, if the involvement is 
through the urethral route the prostate involvement is staged 
separately using the urethral staging protocol.” 

It is not uncommon with current urologic practice to have 
no residual tumor in the bladder at cystectomy. In one con- 
temporary large series there was no residual tumor in 11% of 
1,104 cystectomy specimens." These are variably referred 
to in the literature as “PO” or “pTO.” The former is a rea- 
sonable way to identify these cases but the latter is not an 
appropriate application of the TNM system and should not 
be used.*” The pathologic stage is correctly determined by 
using the findings from the transurethral resection combined 
with the cystectomy pathology.°” For example, if muscularis 
propria invasion is documented in the transurethral resection 
and there is no residual tumor at cystectomy, the pathologic 
stage is pT2 (the cystectomy findings having excluded a 
higher stage). The gross appearance of a transurethral resec- 
tion site is typically that of a depressed ulcer or crater (Fig. 
6-192). The surrounding tissue often is interpreted as being 


Figure 6-192 E Cystectomy specimen with area of ulcer- 
ation and calcific material on the surface typical of a TURBT site. 
Microscopic examination showed no residual tumor. 


tumor due to the firm white appearance. If the area is small 
and can be completely submitted in four or five sections, that 
is how we approach these. For larger abnormalities, a similar 
number of sections are submitted. When no tumor is found, 
additional sections can be submitted, but it is not necessary 
to extensively sample normal appearing areas in a search for 
tumor. There are several reports indicating that patients with 
no residual tumor at cystectomy have a significantly bet- 
ter survival than those with residual tumor of a presumed 
similar stage.**°5*4 

The CAP recommendations for the reporting of radical 
cystectomy specimens are presented in Table 6-24. 


Lymph Node Specimens 


The resection of regional lymph nodes is a standard procedure 
performed during a radical cystectomy for bladder cancer. The 
role of lymphadenectomy as a therapeutic procedure and as a 
critical part of prognostication has received considerable atten- 
tion in the last decade. Currently most authorities advocate 
an extended lymphadenectomy procedure that increases the 
number of lymph nodes removed and extends the dissection 
beyond the initial landing site of lymph node metastases.°***° 
Contemporary reviews of this literature have concluded that 
the extended lymph node dissection approach “can be cura- 
tive in patients with metastasis or micrometastasis to a few 
nodes.”**** There are inconsistent data that for patients with 
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negative lymph nodes, the greater the number of nodes sam- 
pled the better the prognosis.**”**-*"' In the study by Koppie et 
al.,*°' the predicted probability of 5-year survival was 50% for 
patients with 8 lymph nodes removed versus 68% if 32 nodes 
were obtained. For patients with lymph node metastases there 
are data indicating that the larger the number of nodes removed 
the better the prognosis.**’*” For example, in one report of 
patients with lymph node metastases, the median survival 
was 13 months if 5 or fewer nodes were removed compared to 
23 months if more than 16 had been resected (p < 0.0001).°” 
The percent of lymph nodes positive (often referred to as the 
lymph node density) has also been reported to be prognosti- 
cally significant in several but not all studies." Lastly there 
are conflicting data on the significance of extranodal extension 
in patients with lymph node metastases.°3°" 

This intensive interest in lymph node status has led to 
questions regarding the adequacy of lymph node dissec- 
tion. Despite extensive discussion in the clinical literature, 
no consensus has emerged though numbers in the range of 
16 to 24 seem to be most often cited.**'**> It has also been 
suggested that the number of lymph nodes removed could be 
a quality monitor for surgical technique. For the pathologist 
this has led, as in other organs, to clinician pressure to maxi- 
mize the identification of lymph nodes. Meticulous dissec- 
tion combined with use of a clearing agent can significantly 
improve lymph node yield. 
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Pathology of the Male and Female Urethra 


JESSE K. McKENNEY and ESTHER OLIVA 


ANATOMY AND HISTOLOGY | 


The urethra is a long muscular tube that carries urine from 
the urinary bladder to the external urethral orifice for excre- 
tion. In males, it also provides the conduit for semen, which 
enters the urethra through the ejaculatory ducts within the 
prostate. The urethra consists of an epithelial-lined mucosal 
surface enveloped by a supporting connective tissue/smooth 
muscle coat. 

The male urethra is 15 to 20 cm in length and is divided 
descriptively into four regions/segments: preprostatic (intra- 
mural or within the bladder neck), prostatic, membranous 
(intermediate), and penile (spongy or cavernous).'? The pros- 
tatic urethra is located in the pelvis, while the membranous 
and penile regions are in the perineum. The shortest segment 
(1.0 to 1.5 cm), is the preprostatic or intramural urethra, 
which runs from the bladder neck to the superior aspect of the 
prostate. The second segment, the prostatic urethra, is approx- 
imately 3 cm in length and begins at the internal urethral ori- 
fice at the apex of the bladder trigone. It courses through the 
prostate, making an anteriorly concave bend, ending where 
the urethra penetrates the fascia of the urogenital diaphragm, 
and enters the perineum. The posterior wall of the prostatic 
urethra has several unique features related to prostatic secre- 
tory function. It contains a longitudinal ridge, the urethral 
crest, lined by two adjacent grooves, the prostatic sinuses.* 

The prostatic ducts enter the urethra predominantly in 
the sinuses with fewer entering along the lateral aspects of 
the crest. The urethral crest also has a midline protuberance, 
the seminal colliculus or verumontanum, which contains a 
5 mm vestigial opening called the prostatic utricle. The 
ejaculatory ducts open on each side of the utricle. The pros- 
tatic urethra receives blood supply from a branch of the 
inferior vesical artery, the urethral artery. Venous drainage 
occurs via the periprostatic plexus, while lymphatic drain- 
age is primarily through the obturator and internal iliac 
nodes. Sympathetic and parasympathetic innervation of the 
prostate is derived from the pelvic plexus through the cav- 
ernous nerves. The third portion, the membranous urethra, 


is approximately 2.0 cm in length and extends from the apex 
of the prostate to the perineal membrane at the bulb of the 
penis within the deep perineal space. It is surrounded by 
the striated external urethral sphincter. The small bulboure- 
thral glands, the Cowper glands, are located on each side of 
the membranous urethra. In the membranous (intermediate) 
urethra, the striated sphincter corresponds to the location of 
peak urethral closing pressure. Innervation to this muscle is 
supplied by the pudendal nerve,’ but a branch of the sacral 
plexus has also been identified as a second source of inner- 
vation.” Blood is supplied via the artery to the bulb and the 
urethral artery, and lymphatic drainage is also to the obtura- 
tor and internal iliac nodes. The distal segment, the penile or 
spongy urethra, is the longest, approximately 15 to 16 cm. 
It courses through the bulb of the penis and corpus spongio- 
sum to its end at the external urethral orifice (meatus). The 
ducts of the bulbourethral glands open into the proximal 
(bulbar) portion of the penile urethra, approximately 2.5 to 
3 cm distal to the perineal membrane. The ducts of the ure- 
thral (Littre) glands also open into the penile urethra and 
are concentrated on the dorsal surface of the penile urethra. 
There are also multiple mucosal recesses, or lacunae, within 
the penile urethra. The distal region of the penile urethra 
within the glans penis is a saccular expansion referred to 
as the fossa navicularis; it contains the largest lacuna, the 
lacuna magnum. The blood supply to the penile urethra is 
delivered by the internal pudendal artery and veins, while 
innervation is provided by branches of the pudendal nerve. 
The lymphatics of the distal penile urethra drain to the 
superficial inguinal lymph nodes. 

The female urethra is shorter, measuring on average 4 cm 
in length, and extends from the bladder neck to the external 
urethral orifice in the vaginal vestibule. It is divided into two 
regions. The proximal portion corresponds to the prostatic 
urethra and the distal portion to the membranous urethra. The 
bulbar and pendulous regions of the penile urethra are andro- 
gen dependent and, therefore, are not present in the female. 
Urethral glands are located along the wall of the urethra, 
particularly in the superior portion. One group of glands, 
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the paraurethral (Skene) glands, represent the homolog of 
the prostate and are located on each side of the urethra. The 
paraurethral glands share a common duct on each side, the 
paraurethral ducts, which enter the urethra near the external 
urethral orifice. The female urethra receives blood circulation 
from the vaginal and internal pudendal arteries and veins, 
while it is innervated by the pudendal nerve. Lymphatic 
drainage courses to the internal iliac and sacral lymph nodes, 
with some drainage to the inguinal lymph nodes. 

In the male, the preprostatic, prostatic, and membranous 
urethra regions have an epithelial lining identical to that of 
the urinary bladder with a stratified layer of urothelium and 
a superficial umbrella cell layer (Fig. 7-1A). The prostatic 
urethral lining may also contain admixed prostatic secre- 
tory cells. The lamina propria within these regions consists 
of loose collagenous tissue and small thin-walled blood 
vessels. The deeper structures of the penile urethra (corpus 
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7-1 Œ Mucinous-type glands are seen in the p 
squamous epithelium (A) while the prostatic urethra shows alternating patches of urothelial and prostatic epithelium (B). Cowper glands 
show a lobular arrangement with central ducts (lined by urothelium) and glands lined by mucinous cells (C). 


FIGURE 


spongiosum, tunica albuginea, and Buck fascia) are described 
in the penile chapter. The pendulous and bulbar regions of the 
penile urethra are lined by a stratified layer of small columnar 
epithelial cells that are distinct from bladder urothelium. This 
distinctive epithelium is 4 to 15 cells in thickness and lacks 
an umbrella layer. The fossa navicularis is lined by a stratified 
nonkeratinizing squamous epithelium that is continuous with 
the squamous epithelium of the glans penis (Fig. 7-1B). In 
the female, the urethral lining is urothelial proximally with 
a transition to squamous distally; however, nonkeratinizing 
squamous metaplasia of the urothelial regions is common. 
The posterolateral bulbourethral (Cowper) glands have a lob- 
ular arrangement with central ducts lined by a cuboidal layer 
of epithelial cells and surrounding clusters of tubuloalveolar 
glands lined by mucin distended columnar cells (Fig. 7-1C). 
The urethral (Littre and Skene) glands consist of small aggre- 
gates of mucous glands (Fig. 7-1D). 
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EMBRYOLOGY 


The epithelium of the female urethra develops from the endo- 
dermal urogenital sinus, which is the anterior portion of the 
cloaca after it becomes separated from the posterior anorectal 
canal at 4 to 7 weeks’ gestation. The connective tissue and 
smooth muscle derive from the splanchnic mesoderm. 
Similarly in the male urethra, the epithelium of the prostatic 
and membranous portions of the urethra originates from the 
urogenital sinus and the connective tissue and smooth mus- 
cle are also derived from the splanchnic mesoderm.*° In the 
male, the bulbar and pendulous regions of the penile urethra 
are derived from the urethral plate on the ventral aspect of the 
genital tubercle. The epithelium of the fossa navicularis has 
historically been described as originating distally from ectoder- 
mal ingrowth of the glans penis’; however, more recent studies 
have suggested differentiation from the proximal endoderm." 


CONGENITAL ABNORMALITIES 


Posterior Urethral Valves 


This is the most common congenital cause of urethral 
obstruction leading to bilateral renal failure. It typically 
occurs in boys with an approximate incidence between 
1:3,000 and 1:8,000 male births.” Posterior urethral valves 
may be associated with hypospadias, ureteropelvic junction 
stenosis, imperforate anus, dysgenetic kidney, or congenital 
heart disease and very rarely with the prune belly syndrome." 

The clinical presentation is variable. Newborns with severe 
obstruction may present with urinary retention, enlarged blad- 
der, hydronephrosis, uni- or bilateral reflux, and a history of 
prenatal in utero oligohydramnios associated with pulmonary 
hypoplasia. Older patients usually have a history of urinary 
tract infections, urinary retention, pyelonephritis, hematuria, 
and/or urinary incontinence." Cystography frequently shows 
dilatation of the urethra above the valves, bladder hypertro- 
phy and dilation, bladder diverticula, tortuous dilated ureters, 
and varying degrees of hydronephrosis (Fig. 7-2).'2'*!> Three 
types of valves have been described. Type I, which is the most 
common, consists of two posterior folds extending from the 
verumontanum downward to fuse anteriorly, which has been 
also described as a complete diaphragm with a central pinhole 
(depending if a catheter has been put in previously).'° The 
folds are usually lined by urothelium, and variable degrees 
of inflammation may be seen associated with it or present in 
the lamina propria. Type II is the least common and consists 
of vertical folds between the verumontanum and proximal 
urethra and bladder neck. Typre III shows concentrick disk 
within the prostatic urerthra, either below or verumontanum 
and it is frequently associated with renal impression. 

The treatment of posterior urethral valves is surgical. 
Mortality associated with this congenital abnormality is 
currently <5%.'° As the prenatal diagnosis of posterior ure- 
thral valves may be difficult, most deaths occur in newborns 
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Figure 7-2 W Type I posterior urethral valves in a newborn. 
There is marked dilation of the posterior urethra and severe bladder 
trabeculation. (Courtesy Dr. R Pieretti.) 


with severe bilateral renal dysplasia, pulmonary hypoplasia, 
electrolyte imbalances, or sepsis but may also occur in older 
children secondary to renal insufficiency.'*!” 


Anterior Urethral Diverticulum and Valve 


These congenital abnormalities frequently occur together as 
it has been hypothesized that commonly one of the walls of 
the diverticulum acts as an obstructive valve.'*'? They are rarer 
than posterior urethral valves with an approximate incidence of 
1 in 5,000 to 8,000 male births,” are not associated with other 
defects, and typically occur secondary to a defect of the corpus 
spongiosum. They occur more frequently in the bulbous region 
of the penile urethra.” Clinical manifestations vary with age; 
neonates (secondary to severe obstruction) may present with 
hydronephrosis; however, older boys typically present with 
repetitive infections or voiding symptoms including inconti- 
nence, retention, or thin urine stream.” Surgery is the main- 
stay of treatment. Complications secondary to obstruction may 
occur as described in posterior urethral valves including end 
stage renal disease, but they are much less common.” 


Urethral Duplication 


This is a rare congenital malformation that typically occurs 
in males and occasionally may be associated with blad- 
der duplication.” If both urethra and bladder are affected, 
patients also have other congenital anomalies, more 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


464 


Urological Pathology 


paw, ; x 
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Figure 7-3 W Urethral duplication is identified by a catheter 
and urethral sound. (Courtesy Dr. R Pieretti.) 


frequently involving external genitalia and gastrointestinal 
tract.” Most urethral duplications occur in the same sagit- 
tal plane (dorsal or ventral to the urethra), and they are 
classified as complete (with one or two orifices) or incom- 
plete (with a distal or proximal blind end) or may be part of 
an incomplete or complete caudal duplication (Fig. 7-3). 
This anomaly may be asymptomatic or be associated 
with infections, incontinence, or even double stream of 
urine if the duplication is complete.” Histologically, the 
anomalous urethra is lined by urothelium that may be asso- 
ciated to variable degrees of inflammation in the lamina 
propria. In symptomatic cases, surgery is the treatment of 
choice. 


Megalourethra 


This entity is characterized by absence of the corpus spon- 
giosum or absence of both the corpus spongiosum and 
corpora cavernosa depending on the degree of severity.'*?’ 
It may be seen in association with the VATER syndrome, 
prune belly syndrome (characterized by congenital absence 
or hypoplasia of the abdominal wall musculature, bilat- 
eral cryptorchidism, and anomalies of the urinary tract), 
or other isolated genitourinary anomalies.’ An enlarged 
and deformed penis can be noted in neonates. It is always 
important to perform a thorough evaluation of the uri- 
nary tract due to the high percentage of associated urinary 
anomalies. Surgical reconstruction depends on the degree 
of absence of penile tissue. 


Hypospadias 


This congenital abnormality is one of the most common 
in the United States with an approximate frequency of 1 
in 125 male births.” It occurs secondarily to arrest of the 
urethral development with incomplete fusion of the urethral 
folds resulting in an ectopic urethral opening on the ventral 


FIGURE 
urethral opening is present close to the perianal orifice. (Courtesy 
Dr. R Pieretti.) 


7-4 E Penoscrotal hypospadias. Extreme ectopic 


surface of the penis, scrotum, or perineum (Fig. 7-4). It is 
typically associated with an abnormal ventral curvature 
of the penis and an abnormal distribution of the foreskin 
around the area. Although the etiology of this condition is 
unknown, multiple factors have been related to it including 
maternal (advanced age and primiparity), endocrine (defects 
in testosterone metabolism or receptors), environmental, 
and inherited factors.”°*!-? Hypospadias may be an isolated 
defect or part of an intersex status. The diagnosis is estab- 
lished in most cases on physical examination, except the 
very minor forms that may require ultrasound. The defect is 
treated successfully with surgery.°°>! 


Prostatic Utricle Cyst 


These are cysts centered in the prostatic midline, around 
the area of the verumontanum, and arise from the prostatic 
utricle. They are typically seen in adult males, and in most 
instances, they represent an incidental finding during screen- 
ing for other reasons.” As occurs with the prostatic utricle, 
these cysts are typically connected to the urethra but not 
to the prostatic ducts.” Prostatic utricle cysts are lined by 
cuboidal to columnar cells histologically similar to those lin- 
ing the prostatic ducts and acini,” and they frequently stain 
for prostatic-specific antigen (PSA). There seems to be 
some controversy regarding the embryogenesis of these 
cysts. In the past, they were thought to derive from miillerian 
remnants, but recent studies have shown that they may have 
an origin from both millerian remnants and the urogenital 
sinus, hence their histologic and immunohistochemical char- 
acteristics.*° Prostatic utricle cyst should be distinguished 
from the so-called enlarged prostatic utricle, an anomaly fre- 
quently seen in the pediatric age group, typically associated 
with other genitourinary abnormalities, most commonly 
hypospadias or intersex.’ 
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Other Congenital Abnormalities 


Other rare urethral congenital anomalies include narrowing 
of the bulbar portion of the urethra (Cobb collar),?* Cowper 
syringocele, and lacuna magna.” 


INFLAMMATION AND INFECTION 


Urethritis 
Nonspecific Urethritis 


Nonspecific urethritis is defined as the finding of irritative 
urethral symptoms such as burning micturition without 
evidence of an infectious etiology. With new molecular 
assays, many cases that might have been previously diag- 
nosed as nonspecific urethritis are now found to have infec- 
tious etiology. Nonspecific urethritis has been reported in 
association with drug exposure including isotretinoin and 
alcohol and with contact to chemical irritants such as sper- 
micides.*°*? Nonspecific urethritis may also be part of the 
spectrum of Reiter syndrome (triad of urethritis, conjuncti- 
vitis, and arthritis), typically following dysenteric infections 
such as Shigella or Salmonella.* 


Papillary and Polypoid Urethritis 


Papillary and polypoid urethritis is a nonneoplastic lesion 
that is usually secondary to an inflammatory process; how- 
ever, unlike the bladder, it is not commonly associated with 
a catheter. Irritative urinary symptoms and hematuria 
are common presenting signs. Characteristically, the exo- 
phytic appearance results from edema in the lamina propria 
(Fig. 7-5A), but variable fibrosis, chronic inflammation, and 
associated dilated blood vessels are also present.*° Older 
lesions tend to have less edema with more stromal fibrosis. 
The papillary component is usually broader at the base, but 
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may also have a bulbous tip. Reactive urothelial changes 
are frequent and include urothelial hyperplasia, prominent 
nucleoli, and mitotic activity. The main differential consider- 
ation is a papillary urothelial neoplasm, but the inflammatory 
background and the simple papillary architecture usually aid 
in this distinction (Fig. 7-5B). These lesions usually regress 
with resolution of the inciting inflammatory condition. 


Infections 
Human Papillomavirus Associated Lesions 


Human papillomavirus (HPV) is a common source of ure- 
thritis.‘7 HPV-related squamous dysplasia in the urethra is 
usually present in continuity with lesions of the external geni- 
talia, anus, or perineum. Flat lesions range from low-grade 
squamous dysplasia with koilocytotic atypia to high-grade 
squamous dysplasia identical to that seen in the cervix. Flat 
intraepithelial squamous dysplasia is rarely biopsied de novo 
because most urethral lesions are subclinical**?; however, it 
is common to find squamous dysplasia adjacent to invasive 
squamous cell carcinoma. Condyloma acuminatum is the 
most common HPV-related lesion, especially in the male ure- 
thra, and it commonly comes to clinical attention because of 
its intraluminal location with a resultant mass lesion, void- 
ing symptoms, or bleeding.® These lesions are morphologi- 
cally identical to the more common perineal counterparts 
and are characterized by an exophytic squamous prolifera- 
tion with hyperkeratosis, prominent granular layer, and typi- 
cal cytologic features of HPV infection (perinuclear halos, 
binucleation, nuclear hyperchromasia, and irregular nuclear 
membranes) (Fig. 7-6A and B). HPV types 6 and 11 are most 
commonly found in association with condyloma, but other 
types have been also reported.*'*? For condyloma acumina- 
tum, the main differential diagnosis is the rare squamous pap- 
illoma of the urothelial tract. The latter occur predominantly 
in elderly women and are characterized by fibrovascular cores 


Irregular thin papillae lined by two to three layers of urothelium are associated with prominent inflammatory background in the lamina 


propria (B). 
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Figure 7-6 E Condyloma acuminatum. A striking papillary architecture is seen (A) with the squamous cells showing striking koilo- 
cytic changes (B). 


lined by benign-appearing squamous epithelium without 
viral cytopathic effect; they are also HPV negative by in situ 
hybridization studies. As in other sites, HPV-associated 
squamous dysplasia may progress to invasive squamous cell 
carcinoma, often associated with high-risk HPV types 16, 18, 
31, 33, or 35. Therapy for squamous intraepithelial lesions is 
typically ablative, by surgery, laser, or topical agents. 


Gonococcus 


Gonorrhea is a sexually transmitted infection caused by 
Neisseria gonorrhoeae, which is a Gram-negative diplo- 
coccus. Gonococcal urethritis typically affects teenagers or 
young adults. Patients typically present 2 to 5 days following 
infection with burning urination or a purulent urethral dis- 
charge.** Gonorrhea may be diagnosed by culture, but ELISA 
and molecular diagnostic testing are also available.°*°’ Tissue 
biopsy evaluation is not performed routinely. Urethral fluid 
sampling typically yields neutrophils, and Gram stain may 
reveal intracellular diplococci. The most significant com- 
plication is urethral stricture. Patients with chronic gonor- 
theal infection also develop urethral fistulae (“watering can 
perineum”). Ascending infection causing epididymitis in 
men or pelvic inflammatory disease in women may occur. 
Chlamydia coinfection is also common. Antibiotic ther- 
apy is curative, but drug-resistant strains are emerging." 
Postgonococcal urethritis is defined as persistent signs, symp- 
toms, and/or laboratory evidence of urethritis 4 to 7 days fol- 
lowing antibiotic treatment for documented gonorrhea. Most 
cases result from coinfection with Chlamydia or Ureaplasma 
infections; thus, the use of prophylactic multidrug treatment 
is advocated to cover possible coinfections.*? 


Chlamydia 


Urethritis secondary to Chlamydia trachomatis, an obligate 
intracellular bacteria, is a sexually transmitted disease com- 
mon in teenagers and young adults. Chlamydia is the most 
common sexually transmitted disease in the United States 


with over 1,000,000 infections reported to the Center for 
Disease Control in 2006. Chlamydia is asymptomatic in 
many patients but may present with painful/burning urina- 
tion or urethral discharge 1 to 3 weeks after exposure.°! The 
diagnosis of Chlamydia may be based on culture, antigen 
detection by ELISA or direct fluorescent antibody (DFA), 
and/or molecular identification with methods such as nucleic 
acid amplification. The long-term complications of untreated 
cases are similar to gonorrhea, including epididymitis and 
pelvic inflammatory disease. In addition, genital chlamydial 
infection may be associated with urethritis, conjunctivitis, 
and arthritis (i.e., Reiter syndrome)” or with reactive arthri- 
tis alone. Chlamydia is curable with antibiotic therapy. 


Other 


Other bacteria responsible for infectious urethritis include 
Ureaplasma urealyticum and Mycoplasma genitalium. 
Evidence suggests that Ureaplasma parvum commonly 
colonizes the urethra without resultant clinical symptoms.® 
Viral etiologies of urethritis include HSV-1 and adenovirus, 
and being both associated with oral sexual habits. Urethral 
tuberculosis is exceedingly rare (male > female) and occurs 
secondarily to infection of the upper urinary (most com- 
monly prostate) or female genital tracts. Predisposing fac- 
tors include previous infection, immunosuppression, or prior 
BCG treatment for bladder carcinoma. In the urethra, the 
most common presentation is acute urethritis with or with- 
out discharge, or if untreated, stricture and/or fistulae. The 
microscopic appearance is characteristic and shows caseat- 
ing granulomas. If chronic, extensive fibrosis may be seen. 
The standard treatment requires the use of antituberculous 
drugs for up to 9 months. However, as often patients pres- 
ent with complications, surgery is still a mainstay of treat- 
ment. Wegener granulomatosis can also rarely affect the 
urethra. Patients may have a known history but occasionally, 
this location may be the first manifestation of the disease. 
In males, the gross appearance can be quite worrisome, 
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and clinically misdiagnosed as carcinoma, especially in the 
penile urethra where Wegener granulomatosis may pres- 
ent as painful fungating mass or extensive ulceration (Fig. 
7-7A). Histologic examination may not be diagnostic, only 
showing extensive necrosis as oftentimes the first diagnos- 
tic procedure is a biopsy (Fig. 7-7B). However, the classi- 
cal morphology includes geographic areas of eosinophilic 
necrosis associated with palisading histiocytes. Vascular 
involvement typically shows granulomatous vasculitis with 
giant cells, but it is not always seen. Methotrexate is the treat- 
ment of choice, but patients still often require surgery due 
to local complications.** The urethra is the least common 
site of involvement by sarcoidosis in the genitourinary tract. 
On gross examination, it may grossly simulate cancer.” The 
morphology is that of noncaseating loose granulomas, but 
this histologic appearance is nondiagnostic and can be seen 
in infections and other processes including malignancy (typ- 
ically at its periphery). However, these patients often have a 
well-established history of sarcoidosis.” 


METAPLASIA AND HYPERPLASIA 


Squamous Metaplasia 


Nonkeratinizing squamous metaplasia is a physiologic 
phenomenon in women. It is common in the trigone of 
the bladder, but may also involve the proximal urethra. 
Nonkeratinizing metaplasia is also reported in men fol- 
lowing estrogen therapy.” Urethral keratinizing squamous 


FIGURE 
involving the penile urethra and surrounding tissues (A). (Courtesy 
Dr. F McGovern.) On microscopic examination, the lesion granulomatous 
inflammation with microabscesses and eosinophils (B). 
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7-7 Œ Wegener granulomatosis. A deep ulcer is present 


metaplasia may be seen in association with chronic trauma or 
chronic inflammatory conditions such as recurring infection, 
calculi, diverticula, or repeated instrumentation.” Extensive 
and multifocal keratinizing squamous metaplasia may be 
associated with dysplasia and development of penile carci- 
noma (more frequently verrucous); thus, patients need to be 
closely followed.” 


Glandular Metaplasia 


This type of metaplasia is similarly related to a chronic irri- 
tative process. It most commonly involves the bladder but 
may extend into the urethra. Morphologically, glandular 
metaplasia is typically characterized by columnar epithelium 
with goblet cells (intestinal metaplasia). 


Flat Urothelial Hyperplasia 


As in the bladder, the urothelium of the proximal urethra 
may become markedly thickened. In the absence of cyto- 
logic atypia, this is termed flat urothelial hyperplasia.” In 
isolation, urothelial hyperplasia is not regarded as a neoplas- 
tic precursor lesion, but it may be seen adjacent to low-grade 
papillary urothelial neoplasms.” 


von Brunn Nests, Urethritis Cystica, Urethritis 
Glandularis 


von Brunn nests represent a normal variation of urothelial 
histology that may result from a prior inflammatory insult. 
They are characterized by well-circumscribed, evenly spaced 
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Figure 7-8 E von Brunn nests are composed of solid nests of 
benign-appearing urothelium (A), Urtheritis cystica, shows cystic 
dilatation of the glands with abundant eosinophilic contents present 
in the lumens (B). Urtheritis glandularis, conventional type displays 
glandular metaplasia with a columnar or cuboidal appearance of the 
luminal cells (C). 


nests of invaginated urothelium in the lamina propria. The 
nests typically have smooth, rounded contours and are often 
clustered in groups, but the connection with the overlying 
urothelium may not be identifiable (Fig. 7-8A). They are 
usually located in the superficial lamina propria, but they 
may deeper however, they are never present in the muscu- 
laris propria. 

The term “urethritis cystica” is used when the von Brunn 
nests become cystically dilated with an inner luminal cell 
layer (Fig. 7-8B). When the inner adluminal cells show 
glandular metaplasia with a columnar or cuboidal appear- 
ance and prominent apical cytoplasm, the term urethritis 
cystica glandularis is used (Fig. 7-8C). Finally, the presence 
of admixed intestinal-type goblet cells within the von Brunn 
nests warrants the designation cystitis cystica glandularis 
with intestinal metaplasia. These lesions are not regarded as 
obligate precursors of adenocarcinoma.’*”’ 

The main differential diagnosis of von Brunn nests, ure- 
thritis cystica, urethritis glandularis are “deceptively benign” 
urothelial carcinomas that includes nested, microcystic, or 
tubular variants.” In general, these carcinomas have archi- 
tecturally complex, branching and crowded epithelial pro- 
liferations, at least focally, but individual cases may be 


morphologically indistinguishable from florid von Brunn or 
urtheritis glanduloris on a superficial biopsy. The identifica- 
tion of stromal reaction, cleft-like spaces surrounding the 
nests, an irregular infiltrative border, or invasion into the mus- 
cularis propria are the most helpful findings for recognizing 
subtle urothelial carcinomas. In contrast, the nests and glands 
of urethritis cystica, glandularis are superficial and have a 
sharp border with the lamina propria. Occasionally, the dis- 
tinction from inverted papilloma (with a cystitis cystica—like 
pattern) may be somewhat arbitrary.” Inverted papillomas 
typically show an anastomosing pattern of the epithelial nests 
and retain the peripheral palisading of cells even when cen- 
tral lumina are present. Occasionally, urothelial carcinoma 
in situ may extend into von Brunn nests and mimic invasion. 
The smooth round contour of the nests, the absence of sur- 
rounding retraction spaces, the lobular or linear arrange- 
ment of the nests with a noninfiltrative base, and the absence 
of a stromal reaction should aid in that distinction. Rarely, 
urothelial (transitional cell) carcinomas may grow as large 
regular nests with minimal cytologic atypia also mimicking 
von Brunn nests. However, they often also display irregularly 
infiltrating nests, some associated with desmoplastic reaction 
and others with muscularis propria invasion.*” 
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Figure 7-9 EŒ Verumontanum hyperplasia. Closely packed 
and small prostatic acini can cause concern for prostatic carcinoma 
in a small sample. 


Cowper Gland Hyperplasia 


One case of extensive Cowper gland hyperplasia presenting 
as a 6-cm urethral mass has been reported.*! Morphologically, 
it was characterized by greatly increased number of acini 
with banal cytologic features maintaining a lobular configu- 
ration. In a small biopsy specimen, Cowper glands may raise 
the differential diagnosis with prostatic carcinoma; however, 
negative immunohistochemical stains for PSA and prostatic 
acid phosphatase are helpful to rule out the diagnosis of 
carcinoma.®? 


Verumontanum Gland Hyperplasia 


The verumontanum is an elevation present in the wall of the 
distal third of the prostatic urethra containing the prostatic 
utricle flanked by the ejaculatory ducts. This region of the 
prostate is infrequently biopsied. Verumontanum hyperplasia 
can be confused with prostatic adenocarcinoma on a biopsy 
as it shows an increased number of prostatic acini, which are 
crowded and small (Fig. 7-9). However, the epithelial cells 
have frequently cuboidal eosinophilic or, more frequently, 
pale cytoplasm with small nuclei and tiny to absent nucleoli, 
and the basal cell layer is preserved. Corpora amylacea with 
concentric laminations that can be fragmented are com- 
monly seen.™ 


POLYPS, CYSTS, AND PSEUDOTUMOROUS LESIONSS 


Polyps 
Caruncle 


This benign lesion occurs mainly in women between 20 
and 60 years of age (Table 7-1). It appears to be reactive 
and frequently related to trauma.“ Patients may present 
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with dysuria or spotting or be asymptomatic. Caruncles are 
typically seen at the posterior wall of the urethra near the 
meatus. Grossly, they are pedunculated or broad-based with 
a dusky red or gray appearance. From the histologic point 
of view, three patterns have been recognized in the older 
literature: (a) granulomatous where the granulation tissue 
is the most striking component, (b) papillomatous with a 
prominent lobulated growth of the epithelium, and (c) angi- 
omatous or telangiectatic rich in blood vessels.** However, 
this classification is not used in routine practice as it lacks 
clinical or pathologic significance. Caruncles are typically 
lined by urothelium or less commonly squamous epithelium 
that may be hyperplastic (Fig. 7-10A). Metaplastic epithe- 
lial changes (intestinal glands) have been reported. The 
lamina propria is typically rich in acute and chronic inflam- 
matory cells that are associated with abundant small blood 
vessels and edema (Fig. 7-10A). In some instances, atypical 
spindled to round mononucleated or rarely binucleated stro- 
mal cells arranged either in clusters or diffusely and show- 
ing large nuclei and prominent nucleoli may be seen (Fig. 
7-10B).*°*° Myeloid metaplasia has been reported.*’ The 
urothelial hyperplasia and striking invaginations of the sur- 
face epithelium frequently associated with caruncles may 
raise the possibility of a low-grade urothelial carcinoma. 
However, there is a bulbous rather than delicate papillary 
architecture, the nests of epithelium seen in the superficial 
stroma are rounded and do not elicit stromal response, and 
the cells lack any degree of cytologic atypia. When atypi- 
cal cells are present in the stroma, the differential diagno- 
sis include lymphoma,**” malignant melanoma,” and even 
more rarely, spindle cell sarcoma.** The small size of the 
lesion, scarcity of mitotic activity, as well as immunostain- 
ing limited to vimentin, smooth muscle actin, and rarely 
desmin exclude these possibilities.*° Surgical excision is the 
treatment of choice. 


Prostatic-type Polyp 


This benign papillary lesion occurs in adult males. It is typi- 
cally found in the posterior urethra (more frequently in the 
verumontanum and prostatic urethra) and less commonly in 
the bladder or ureteral orifice.?' It often presents with pain- 
less gross or microscopic hematuria, voiding symptoms, or 
hematospermia’!*** although it may be an incidental find- 
ing.” Grossly, it appears as an exophytic papillary to filiform 
or infrequently sessile lesion <1 cm in size.” Histologically, 
prostatic-type polyps are composed of irregular polypoid 
growths or papillary fronds lined by a double layer of cells 
identical to that seen in prostatic acini with cuboidal to colum- 
nar cells displaying basally located nuclei and abundant 
clear to slightly eosinophilic cytoplasm overlying flattened 
basal cells (Fig. 7-11A). Urothelium may be interspersed 
with the prostatic epithelium on the surface. The underly- 
ing stroma may contain prostatic acini that may show lumi- 
nal corpora amylacea. The prostatic epithelium is positive 
for PSA and prostatic acid phosphatase (Fig. 7-11B).*°?" 
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Figure 7-10 E Caruncle. A striking papillary growth is seen associated with prominent vessels in the lamina propria (A). Atypical 
stromal cells with enlarged nuclei and prominent nucleoli are admixed with a prominent inflammatory infiltrate (B). 


Table 7-1 URETHRAL POLYPS AND CYSTS 


Urethral polyps: 
Caruncle 
Frequently related to trauma 
Posterior wall 
May have atypical stromal cells 
Often associated urothelial hyperplasia 
Prostatic-type polyp 
Verumontanum and prostatic urethra in males 
<1cm 
Lined by prostatic epithelium that may alternate with 
transitional epithelium 
Differential diagnosis: prostatic ductal carcinoma 
Fibroepithelial polyp 
Mostly males, first decade 
<4 cm 
Club-like projections most common pattern 
Lined by unremarkable urothelium 
Urethral cysts: 
Cowper gland duct cyst 
Congenital (children) or acquired (adults) 
May be associated with other abnormalities (more 
frequently urinary tract) 
Typically confirmed by urethrography 
Skene duct cyst 
Most often secondary to infection and obstruction 
Lined by stratified squamous epithelium 
Differential diagnosis: Urethral diverticulum 


This benign lesion should be distinguished from prostatic 
adenocarcinoma, especially in older that secondary involve 
the urethra!°!; however, in the latter, prostatic acini are lined 
by a single layer of malignant epithelial cells with promi- 
nent nucleoli. Ductal carcinoma, the most common variant 
of prostate carcinoma, if low grade, may enter in the differ- 
ential diagnosis of a prostatic-type polyp. Grossly, the tumor 
may be seen as an exophytic mass protruding into the pros- 
tatic urethra, although it is typically larger than prostatic-type 
polyps.'® Cytologically, even though the tumor forms glands 
that may superficially mimic the low-power appearance seen 
in a prostatic-type polyp, in contrast to the latter, there is often 
some degree of cytologic atypia and absence of basal cells. 
Furthermore, in most cases, a component of acinar carcinoma 
may be seen. From the immunohistochemical point of view, 
34bE12 is helpful to separate ductal carcinoma (except when 
intraductal) from a prostatic-type polyp, as the former lacks 
basal cells.'° Rarely, a primary papillary adenocarcinoma of 
the urethra or the bladder may enter in the differential diagno- 
sis, but these lesions typically display higher degree of cyto- 
logic atypia. The histogenesis of this benign polyp is a matter 
of debate. It has been postulated that it may represent either 
a metaplastic process (supported by the fact that the prostate 
normally develops from an anlage of the urothelium of the ure- 
thra) or a defect of embryogenesis.” Surgical excision is the 
treatment of choice with only rare recurrences being reported. 
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prostatic cells are PSA positive (B). 


Fibroepithelial Polyp 


This is a nonneoplastic lesion with a marked male predomi- 
nance occurring typically in the first decade of life”; how- 
ever, it can also be seen in adult and female patients.!°'” 
It is more often located in the urethra (verumontanum) and 
urinary bladder.'°*!°’ The most common clinical manifes- 
tations include hematuria and obstructive symptoms, but 
it may be an incidental finding.!*'°”!° On gross examina- 
tion, fibroepithelial polyps are typically polypoid, soft, and 
<4 cm in dimension.”!%!°7! Histologically, at low power 
magnification, they may display (a) club-like projections 
(most common pattern) associated with florid cystitis cystica 
and glandularis in the stalk; (b) abundant small, plump and 
rounded fibrovascular cores associated with abundant con- 
nective tissue; and (c) simple finger-like projections. They 
are lined by unremarkable urothelium, but rarely columnar 
epithelium may be seen.'”’ Surface squamous metaplasia and 
ulceration may occur. Infrequently, the nonsurface epithelial 
component may show anastomosing nests of urothelium or 
back to back glands. The stroma may be edematous and may 
contain atypical stromal cells and calcifications. Entities that 
more commonly may cause problems in differential diag- 
nosis include florid cystitis glandularis cystica, polypoid or 
papillary cystitis, and urothelial papilloma. Distinguishing 
features include absent polypoid or papillary architecture 
(florid cystitis glandularis); prominent edema and inflam- 
mation; and history of instrumentation/trauma (polypoid 
or papillary cystitis), more delicate stalks or/and associ- 
ated connective tissue (urothelial papilloma). As this lesion 
occurs more frequently in early childhood, the differential 
diagnosis should include botryoid embryonal rhabdomyosar- 
coma. However, the latter is characterized by a dense “blue” 
cambium layer under the surface epithelium composed of 
small immature cells with high nuclear to cytoplasmic ratio 
and frequent mitotic activity that may alternate with fully 
developed rhabdomyoblasts showing prominent eosinophilic 
cytoplasm and cross-striations.'!° After surgical excision, 
these lesions generally do not recur. 
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Cowper Gland Duct Cyst 


Cowper glands, or bulbourethral glands, are present as paired 
glands in the bulbomembranous urethra, to which they 
are connected through small ducts. Their acini form small 
lobules and are composed of cells with abundant mucin.!"! 
Cowper gland cyst, also known as syringocele, is a cystic 
dilatation of the main ducts. It is typically detected in chil- 
dren (congenital) or young adult males (acquired) who pres- 
ent with lower urinary tract symptoms including frequency, 
urgency, dysuria, postvoid incontinence, recurrent infec- 
tions and/or hematuria, but it may be asymptomatic.'!71!° In 
children, it may be associated with other congenital abnor- 
malities, most often of the urinary tract.''? The diagnosis 
is easily confirmed by urethrography,''? and rarely, these 
specimens undergo pathologic examination. Histologically, 
the wall of the syringocele may be denuded and associated 
with prominent inflammation as well as fibrosis of the wall. 
Treatment consists of marsupialization, and follow-up is 
uneventful.*?!” 


Skene Duct Cyst 


Skene glands and ducts, the homologue of the male prostate 
gland, are located in the floor of the distal urethra.'!’ Skene 
cysts are rare and frequently occur due to obstruction of the 
ducts most often secondary to infection. They are seen in 
female patients who may present with dysuria or obstructive 
voiding symptoms or be asymptomatic.''® Grossly, the cysts 
vary in size, and on microscopic examination they are lined by 
stratified squamous epithelium.'!? The most common differen- 
tial diagnosis is with a urethral diverticulum, a distinction that 
should be made on cystourethroscopy and pelvic MRI find- 
ings. Other entities to consider include cystocele and Gartner 
duct cyst.''® Surgical excision is the treatment of choice. 


Nephrogenic Adenoma 


This is a rare pseudoneoplastic lesion that occurs most 
commonly in adult males, although it can be seen in 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


FiGurRe 7-11 E Prostatic-type polyp. Irregular fronds of prostatic-type epithelium are intermixed with transitional epithelium (A). The 
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children and females, in the latter frequently in associa- 
tion with a urethral diverticulum. ”®™!?? The urethra is the 
second most frequent location (15%) following the blad- 
der.!” In most instances, nephrogenic adenoma is an inci- 
dental finding at cystoscopy performed for other reasons, 
but if large it may cause symptoms related to obstruction. 
In these cases, it may be potentially confused with a malig- 
nant tumor, most commonly a low-grade papillary urothe- 
lial carcinoma. On microscopic examination, nephrogenic 


adenoma shows tubular, cystic, papillary, and rarely solid 
growths, but not infrequently an admixture thereof.!??!73 
The tubules vary in size and shape and may be solid on 
rare occasions (Fig. 7-12A). An appreciable basement 
membrane may be seen surrounding some of the tubules. 
Of note, the tubules of nephrogenic adenoma may be 
intermixed with muscle fibers of the muscle fibers present 
in the wall of the prostatic urethra when the specimen is 
obtained from transurethral resection (Fig. 7-12B).!2°!7415 


Figure 7-12 Œ Nephrogenic adenoma. Tubules and cysts are lined by one layer of cells (A). Tubules are present between muscle fibers 
mimicking invasive prostatic carcinoma (B). Signet ring—like cells with basophilic intracellular material are set in an edematous and inflam- 


matory stroma (C). The cells are P504s positive (D). 
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Recently, a fibromyxoid variant of nephrogenic adenoma 
has been reported characterized by very small tubules asso- 
ciated with prominent fibromyxoid background that may 
closely mimic the appearance of an infiltrating carcinoma 
(Chapter 5).'7° Cysts are frequently admixed with tubules, 
but they are not striking in most cases (Fig. 7-12A). The 
papillae are simple without branching, and they are rarely 
seen in the absence of tubules. The solid pattern is very 
rare and, when present, typically represents a minor com- 
ponent. The cells of nephrogenic adenoma are cuboidal to 
columnar to flattened with variable eosinophilic to slightly 
clear and granular cytoplasm, and exceptionally they may 
be spindled.'*° Hobnail cells are typically present, most 
often lining the cysts, but are rarely conspicuous.'**!*” The 
cells lining tiny tubules have a compressed nucleus with a 
single vacuole containing basophilic material resembling 
signet ring cells (Fig. 7-12C). The nuclei are round to oval 
with minimal cytologic atypia. Nucleoli are inconspicu- 
ous, and mitotic figures are rare (<1/10 HPFs) and seen in 
5% of the lesions.’ The term “atypical nephrogenic ade- 
noma,” has been used for lesions characterized by nuclear 
enlargement, nuclear hyperchromasia, and enlarged nucle- 
oli.'?” There is no known clinical or biologic significance 
to this designation. The stroma associated with nephro- 
genic adenoma is focally edematous and contains variable 
amounts of inflammatory cells. Stromal calcification may 
be seen. 

The immunohistochemical profile of nephrogenic ade- 
noma includes positivity for CK7, epithelial membrane 
antigen (EMA), vimentin, and PAX2 and PAX8 (the latter 
two, antigens expressed during embryogenesis), 51° com- 
mon positivity for racemase (p504s) (Fig. 7-12D)'3!"'? and 
CA-125, but less frequently for CK20, CD10, CEA, and 
renal cell carcinoma antigen (RCC). Nephrogenic ade- 
noma is positive for aquaporin | (marker of proximal and 
descending thin limb of Henle loop renal tubular cells)'** 
and may express different lectins," but it is negative for 
uroplakin!*?, p63,'°'!** Ki67 and p53.17!36 

When involving the urethra, the main differential diagno- 
sis includes prostatic adenocarcinoma as nephrogenic ade- 
noma may show a pseudoinfiltrative growth with the tubules 
being intercalated between the muscle fibers.!?®124125:137 The 
lumens of the tubules may contain mucinous secretions, and 
the cells may show prominent nucleoli.!”'** It is important to 
keep in mind the possibility of nephrogenic adenoma before 
establishing the diagnosis of prostatic adenocarcinoma in the 
setting of a transurethral resection. Immunohistochemical 
stains for p63, 23BE12, and racemase (p504s) are not help- 
ful in this differential diagnosis in many instances.'*'!*? It 
appears that urethral nephrogenic adenomas more often 
express p504s when compared to bladder nephrogenic 
adenomas. The most helpful immunostains are PSA and 
prostate-specific acid phosphatase (PSAP) (36% and 55%, 
respectively—typically focal) as most prostatic adenocarci- 
nomas show diffuse and strong positivity for these markers in 
sharp contrast with nephrogenic adenoma, which may only 
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show focal and weak staining 36 and 55% respectively.!”° 
A new antibody, S100A1, a calcium-binding protein, has 
been shown to be positive in most nephrogenic adenomas 
but negative in prostatic carcinoma.'*’ Furthermore, to other 
typical architectural patterns of nephrogenic adenoma are 
commonly observed, the cytologic atypia is frequently of 
the degenerative type, and the stroma frequently shows some 
degree of inflammation.'*? Another entity in the differential 
diagnosis is clear cell carcinoma.'**!*°'4! This malignant 
tumor is more frequently seen in older women; it forms 
large masses and may show areas of hemorrhage and necro- 
sis. On microscopic examination, the histologic patterns of 
clear cell carcinoma overlap with those seen in nephrogenic 
adenoma, although a solid growth is more common, papil- 
lae tend to branch and may contain hyalinized fibrovascular 
cores, and the degree of cytologic atypia and mitotic activity 
are clearly evident'**!*'4! However, some of these tumors 
may have bland cytologic features throughout and even more 
closely mimic the morphologic appearance of nephrogenic 
adenoma." PAX2 and PAX8, two recent antibodies reported 
to be expressed in nephrogenic adenoma, are also expressed 
in clear cell carcinoma; thus, they are not helpful in this dif- 
ferential diagnosis." CD10, estrogen receptor, p63, high- 
molecular weight keratin, and P504s are not helpful either 
to separate clear cell carcinoma from nephrogenic adenoma. 
Only ki67 may be helpful as clear cell carcinomas typically 
show >25% positivity rate compared to <5% in nephrogenic 
adenoma. '” 

Even though nephrogenic adenoma may recur (rates 
ranging from 28% to almost 90%),'"'* there is no proof 
that nephrogenic adenoma may undergo malignant transfor- 
mation or is in fact related to clear cell carcinoma. 


Malakoplakia 

This is a common tumor-like condition of the urinary tract 
that only rarely involves the urethra.'4°'*? Not infrequently, 
urethral malakoplakia is associated with bladder involve- 
ment.!46!5°!52 The urethral meatus is the most common loca- 
tion, and exceptionally malakoplakia has been described 
within a urethral diverticulum.'*? It occurs more frequently 
in females than males (female/male ratio 6 to 4:1), being 
more common during adult life.'"*' It is more often seen 
in patients with diabetes mellitus or immunocompromised 
patients. Malakoplakia may be asymptomatic or present with 
voiding symptoms, hematuria, or dysuria. !4!5%15? An associ- 
ated urinary infection is detected in a number of patients, 
more commonly by Escherichia coli.'* Grossly, malako- 
plakia may be seen as single or multiple white to yellow 
plaques or polypoid lesions. On microscopic examination, 
sheets of histiocytes (Von Hansemann cells) admixed with 
chronic inflammatory cells (lymphocytes and plasma cells) 
expand the lamina propria. The histiocytes have abundant 
eosinophilic and granular cytoplasm and contain Michaelis- 
Gutmann bodies which can also be seen outside the cells. 
Michaelis-Gutmann bodies have a targetoid and basophilic 
appearance due to concentric lamination and they can be 
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visualized by von Kossa (calcium) or Prussian blue (iron) 
stain. Although Michaelis-Gutmann bodies are characteris- 
tic of malakoplakia they are not required for its diagnosis. 
The overlying epithelium may be hyperplastic, ulcerated or 
atrophic if it is associated with prominent scarring. Several 
hypotheses have been postulated to elucidate the patho- 
genesis of this condition including infections (more com- 
monly by E. coli, Mycobacterium tuberculosis, Proteus, and 
Staphylococcus aureus), an altered immune response, and 
finally, an abnormal macrophage response. Macrophages are 
able to phagocytose but not digest bacteria due to low levels 
of intracellular cyclic guanosine monophosphate and dimin- 
ished release of 8-glucuronidase.'** Patients are best treated 
with antibiotics and surgery, but recurrences may occur.!” 


Amyloidosis 

Primary localized amyloidosis of the urethra is very rare. It 
occurs more commonly in adult men.'**!°° Patients may pres- 
ent with obstructive and irritative voiding symptoms as well 
as hematuria. In a number of patients, a prior gonococcal 
infection has been documented.'°! On cystoscopic or gross 
examination, primary localized amyloidosis may be seen as 
a poorly defined firm white nodule or plaque or be may asso- 
ciated with a stricture and confused with malignancy.'*>'*” 
On microscopic examination, extracellular dense amor- 
phous deposits of eosinophilic material frequently associ- 
ated with variable number of chronic inflammatory cells and 
foreign-body giant cells are present beneath the urothelium. 
A Congo red stain shows the characteristic apple green bire- 
fringence of this material using a polarized microscope. In 
most cases, amyloid deposits show a polyclonal protein com- 
position (non-AA, non-AL) indicating that the process is not 
related to either primary or secondary systemic disease.'* 
Electron microscopy displays amyloid fibers. Treatment of 
isolated urethral amyloidosis is either conservative or surgi- 
cal if obstructive symptoms are present. 155158 


Endometriosis 

Involvement of the urinary tract by endometriosis is uncom- 
mon, occurring in 1% to 3%, of patients but urethral endo- 
metriosis is extremely rare. Women between menarche and 
menopause are most often affected. They may present with 
dyspareunia, dysmenorrhea, urinary frequency, or lower pel- 
vic pain.'® The lesions may or not be seen grossly depending 
on size and location within the urethra. If superficial, endome- 
triosis may be seen as black to red to white areas. On micro- 
scopic examination, two of the three following components 
should be seen to establish the diagnosis of endometriosis: 
(a) endometrial-type glands, (b) endometrial-type stroma, 
(c) recent or old hemorrhage (Fig. 7-13). Cyclic changes as 
seen in normal endometrium may not be as notable, and old 
endometriosis may lead to prominent scarring and/or elas- 
tosis as the sole microscopic finding. Endometriosis may 
undergo malignant transformation, more commonly clear 
cell carcinoma.'”'°' Conservative treatment is often effec- 
tive, but if symptoms are important, surgical treatment may 
be necessary. 
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Figure 7-13 E Endometriosis. Endometrial-type glands and 
stroma associated with hemosiderin-laden macrophages are present 
in the urethral wall. 


Radiation-Induced Changes 

The range of changes seen with radiation therapy is time 
dependent and very similar to those observed in the bladder 
mainly secondary to treatment of urothelial carcinoma.'® In 
the acute phase, there may be ulceration of the urothelium 
accompanied by fibrin deposition, acute and chronic inflam- 
mation, and/or hemorrhage. Urothelial cells are typically 
enlarged, displaying abundant cytoplasm and nucleomegaly 
with prominent nucleoli associated with degenerative chro- 
matin; however, the nucleus to cytoplasmic ratio is preserved. 
The urothelium may be replaced by metaplastic squamous 
epithelium, and over time, any epithelium may be associated 
with pseudocarcinomatous hyperplasia.!°'“ In the stroma, 
fibroblasts appear plump, some showing multinucleation, 
associated with edema, vascular changes (congestion, fibri- 
noid necrosis, wall thickening, and lumen obliteration and/or 
recanalization), chronic inflammation, and late fibrosis with 
secondary stricture.'° 


Urethral Diverticulum 

This abnormality may be congenital or acquired. Even 
though preponderant in female patients, presenting more 
commonly between the third and fifth decades, it may also 
be seen in neonates and men.!!% In most cases, urethral 
diverticula result as a complication from infections of the 
paraurethral glands and less frequently from trauma.'® The 
pathognomonic presentation of postvoid dribbling, urethral 
pain, tender periurethral mass, or expression of pus from the 
urethra is uncommon. Most frequently, patients complain of 
a variety of chronic or recurrent lower urinary tract symp- 
toms. The diagnosis is made with voiding cystourethrogra- 
phy.'® In most instances, gross examination is not helpful 
as the specimen is received fragmented; however, the pres- 
ence of any exophytic, nodular, or indurated area should 
raise suspicion for an associated malignancy, and these areas 
should be carefully sampled. On microscopic examination, 
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a variably thickened wall is lined by either urothelium or 
squamous epithelium that may show hyperplastic and/or 
reactive changes. Ulceration and underlying acute, chronic 
inflammation and fibrosis are often present. Urethral diver- 
ticulum can be associated with nephrogenic adenoma and 
carcinoma, including urothelial, squamous and clear cell 
types.'*' Surgery is the treatment of choice. 


NEOPLASMS | 


Epithelial 
Benign 


Squamous Papilloma 

This is a rare benign proliferative squamous lesion occur- 
ring more commonly in females who may be asymptomatic 
or present with irritative urinary symptoms or hematuria. 
Patients typically do not have history of genital, perineal, or 
perianal condylomas.* The lesions are small and polypoid, 
and, on microscopic examination, fibrovascular fronds are 
lined by mature squamous epithelium lacking morphologic 
features of HPV infection.'” Even though in the past these 
lesions have been thought to represent part of the spectrum 
that also includes condyloma acuminatum and low-grade 
squamous cell carcinoma, recent data do not support this 
hypothesis as squamous papillomas have been shown to be 
negative for HPV 6/11, 16/18, and 31/33; show absent to 
very low p53 expression; are diploid; and do not recur.” 


Urothelial (Transitional Cell) Papilloma 

Conventional urothelial (transitional cell) papillomas of the 
urethra are very rare. In contrast, inverted papillomas have 
been more often reported, typically occurring in the pros- 
tatic urethra of men.!’"!” Patients may present with gross 
or microscopic hematuria and/or irritative urinary symp- 
toms, but the lesion may be an incidental finding. Urethral 
or urothelial papilloma has an appearance identical to 
that described in the urinary bladder. It shows a simple to 
complex (branching) papillary architecture with fibrovas- 
cular cores that range from delicate to stubby secondary 
to edema or marked dilated lymphatics. The fibrovascular 
cores are covered by normal-appearing urothelium. The 
umbrella cells appear to show the most distinctive features 
including increased cytoplasm, vacuolization, and striking 
nuclear atypia of the degenerative type.'™!’° In contrast, 
inverted papillomas appear as polypoid to pedunculated 
lesions growing beneath unremarkable surface urothelium. 
There is a characteristic endophytic growth with anastomos- 
ing cords and trabeculae of variable thickness. Frequent 
features include palisading of the urothelial cells at the 
periphery and streaming of the cells towards the center of 
the nests and trabeculae. Squamous metaplasia may be seen. 
The cells are cytologically banal, although has degenera- 
tive-type atypia including multinucleated cells have been 
reported." Some tumors may have a more prominent 
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glandular architecture in the center of the nests as reported 
in the urinary bladder." An exophytic component may be 
focally seen.'”’ CK20 pattern of positivity is similar to that 
of normal urothelium with expression limited to umbrella 
cells. Typical urothelial (transitional cell) papilloma should 
be differentiated from a low-grade papillary urothelial car- 
cinoma; however, the latter usually is composed of longer 
and slender papillae, it shows variable degree of hyperpla- 
sia of the lining urothelium, and it may have some degree 
of cytologic atypia. Inverted urothelial (transitional cell) 
papilloma should be distinguished from von Brunn nests, 
which usually do not show trabecular arrangement, and most 
importantly from inverted urothelial (transitional cell) carci- 
noma. The latter is typically associated with a more complex 
architecture displaying broad rounded nests and trabeculae, 
may be associated with focal desmoplastic reaction, lacks 
palisading and streaming of the cells, and shows cytologic 
atypia albeit focal. Furthermore, urothelial (transitional cell) 
carcinoma with an inverted growth pattern but not inverted 
papilloma demonstrates gains of chromosomes 3, 7, and 17 
and loss of chromosome 9p21 abnormalities.” Rarely, car- 
cinoma has been described to arise or follow an inverted 
papilloma.'”? MIB-1, p53 expression and ploidy have been 
unable to predict any association between inverted papil- 
loma and the development of urothelial (transitional cell) 
carcinoma. !® These lesions rarely recur and the treatment of 
choice is transurethral resection. !7!!74!8! 


Villous Adenoma 

The urethra is an infrequent location for villous ade- 
noma.'®*"'8> At this site, it occurs more commonly in the 
bulbous or prostatic urethra of males. Patients may be 
asymptomatic or present with hematuria or irritative uri- 
nary symptoms. Grossly, a delicate papillary lesion with- 
out associated hemorrhage or necrosis may be seen.'* On 
microscopic examination, villous adenoma is composed 
of villiform papillae lined by columnar cells including 
goblet cells containing abundant mucin. The nuclei are 
oval and pseudostratified with mild to moderate degree of 
cytologic atypia and scattered mitoses. Invaginations of 
the epithelium into the underlying stroma may be pres- 
ent, which may be associated with pools of extravasated 
mucin imparting a pseudoinfiltrative appearance. Other 
benign processes, including urethritis glandularis, may be 
seen in its vicinity." Villous adenoma is positive for 
CK20 and CEA, frequently positive for CK7, and CDX2 
negative and much less commonly for EMA CDX2 is neg- 
ative.'® Malignant transformation, including in situ and 
invasive carcinoma (either transitional or glandular), has 
been reported.'**-'®°.!8° In these cases, direct extension from 
a colonic carcinoma always has to be excluded. Villous 
adenoma has to be distinguished from prostatic ductal 
carcinoma, although the latter lacks intracytoplasmic 
mucin and is positive for PSA and PSAP!” High-grade 
prostatic ductal carcinoma can be CDX2 positive.'** In 
general, when dealing with a small transurethral biopsy 
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showing a villous adenoma-like morphology, the pathologist 
should be aware of any relevant clinical history of the 
patient and gross findings and use a descriptive nomen- 
clature especially if the lesion has not been completely 
excised. A comment should be added to the fact that inva- 
sive adenocarcinoma either primary or rarely metastatic 
from the colon may present showing a villous histology 
only replacing the urethral lining. When in its pure form, 
villous adenoma has an excellent prognosis. 


Malignant 


Urothelial (Transitional Cell) Carcinoma 

Primary isolated urothelial (transitional cell) carcinoma of 
the urethra is rare occurring more commonly in association 
with a synchronous or metachronous urothelial carcinoma 
of the urinary bladder.!® It more commonly affects patients 
in their sixth and seventh decades. In men, the prostatic 
urethra is more commonly involved as this is the anatomic 
region typically lined by urothelium.!**'?! In women, urothe- 
lial carcinoma typically involves the proximal third of the 
urethra.!” In both, it is the second most common carcinoma 
following squamous cell carcinoma. Patients present with a 
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Figure 7-14 E Papill 


palpable mass, irritative or obstructive urinary complaints, 
and less commonly hematuria. On gross examination, the 
tumors may have an exophytic (Fig. 7-14A) or endophytic 
growth, or both. On microscopic examination, in situ, 
papillary (Fig. 7-14B), or nonpapillary invasive urothelial 
carcinoma may be seen. Glandular, squamous, and sarco- 
matoid differentiation, especially in high-grade tumors, 
has been reported.'°? The tumors may secondarily popu- 
late the periurethral glands (Fig. 7-14C) and also prostatic 
ducts and acini; however, this finding should not be con- 
fused with urethral or prostatic stromal invasion as it does 
not affect prognosis. A pagetoid growth of malignant cells 
intermingled with preexistent urothelial can also be pres- 
ent. This phenomenon may be seen in sections of margins 
of a cystoprostatectomy specimen, and especially it may be 
a subtle finding at frozen section, thus becoming a pitfall 
in evaluation of such margins. Prior to establishing a diag- 
nosis of primary urothelial carcinoma of the urethra, it is 
important to rule out a primary bladder tumor especially 
when an in situ or pagetoid component is identified.!® 
Primary urothelial carcinoma of the prostate ducts is rare, 
and it is frequently associated with urinary bladder or ure- 
thral urothelial carcinoma; thus, before establishing this 
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ary urothelial carcinoma. The tumor has an exophytic growth and a fleshy and hemorrhagic cut surface (A). The 


papillae are lined by multiple layers of atypical urothelium (B). Urothelial carcinoma cells extend to and replace periurethral glands, but no 


stromal invasion is seen (C). 
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Box 7-1 URETHRAL CARCINOMA 


Female 


70% (distal and meatus) 
20% (proximal) 
10% (proximal) 


Squamous cell carcinoma 
Urothelial carcinoma 
Adenocarcinoma 


Conventional 60% 
Clear cell type 40% 
Male 


Squamous cell carcinoma 75% (penile and 
membranous) 
17% (prostatic) 


8% (bulbomembranous) 


Urothelial carcinoma 
Adenocarcinoma, conventional 


diagnosis, origin in these other sites should be excluded.” 
Urothelial carcinomas of the prostate are classified fol- 
lowing the TNM classification of urethral carcinoma. For 
treatment purposes, as multifocal urothelial carcinoma of 
the bladder in males and females, either invasive or in situ, 
predisposes to concomitant urethral involvement or subse- 
quent recurrence, urethrectomy at the time of cystectomy 
or close surveillance of the urethra is recommended.!*!°° 
The prognosis of patients with isolated urothelial carci- 
noma of the urethra is, in general, better than for patients 
with squamous cell carcinoma, and it is mostly stage related 
(Box 7-1). 


Squamous Cell Carcinoma 

This is a very rare malignant epithelial tumor; however, it 
accounts for approximately 75% of all carcinomas of the 
male urethra, more frequently involving the bulbomem- 
branous or penile regions,'*!"8 and also 70% of all ure- 
thral carcinomas in women, typically located in the distal 
two thirds of the urethra. Patients are frequently diag- 
nosed with urethral stenosis. On gross examination, squa- 
mous cell carcinomas are frequently exophytic but may be 
ulcerative and may show a white scaly surface. On micro- 
scopic examination, they may be keratinizing or nonkera- 
tinizing, while the majority are moderately differentiated 
and deeply invasive into adjacent structures. Secondary 
extension from a primary penile or vulvar squamous cell 
carcinoma should be excluded although direct urethral 
invasion is present in only 25% of primary penile squa- 
mous cell carcinomas.”:!” The differential diagnosis also 
includes a primary urothelial carcinoma with extensive 
squamous differentiation, especially in biopsy or transure- 
thral specimens. In these cases, as the material is limited, 
the diagnosis should be that of high-grade malignant uro- 
thelial neoplasm with extensive squamous differentiation 
and in a note comment about the two existent possibili- 
ties, namely a urothelial carcinoma with massive squa- 
mous differentiation or a pure squamous cell carcinoma. 
HPV 6 and 16 have been detected in these tumors.” ?” 
Squamous cell carcinoma is associated with a very poor 
outcome.?” 
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Adenocarcinoma, Not Otherwise Specified 

Although rare, primary urethral adenocarcinoma, not oth- 
erwise specified (NOS), occurs much more frequently in 
females, accounting for approximately 10% of all malig- 
nant urethral tumors. In females, they are seen more com- 
monly in the proximal urethra,?“°> while in males, these 
tumors are more frequently located in the bulbomembra- 
nous urethra. It appears to be the most common histo- 
logic subtype in patients with an urethral diverticulum.?” 
Urethral adenocarcinoma can arise from patches of pseu- 
dostratified epithelium on the surface or from paraurethral 
glands (Skene [in females] or Littre [in males]).2°” Women 
most commonly present with irritative symptoms, repeti- 
tive infections, hematuria, or a prolapsing mass,” while 
in men the symptoms are nonspecific.” In females, these 
tumors are not infrequently misdiagnosed as a urethral 
caruncle. On gross examination, they can form a mass or 
be ulcerated. On microscopic examination, adenocarci- 
nomas may be subclassified as mucinous (colloid), sig- 
net ring, and not otherwise specified.?“!°*'? They display 
glandular (Fig. 7-15), papillary, or cribriform/solid archi- 
tecture or admixture thereof. The lining cells frequently 
have eosinophilic or amphophilic columnar cytoplasm 
that may contain abundant mucin and nuclei with varying 
degrees of cytologic atypia and mitotic activity, although 
most tumors are moderately differentiated.!°°° The over- 
all morphologic appearance overlaps with that seen in 
endocervical or colonic carcinomas.*'* Rare tumors have a 
resemblance to prostate carcinoma.”°?!? From the immu- 
nohistochemical point of view, they are positive for CEA 
and negative for PSA (except tumors arising from Skene 
glands with a prostatic-like morphology). As primary 
urethral adenocarcinoma is rare, the possibility of a uro- 
thelial carcinoma with extensive glandular differentiation, 
extension from a primary bladder adenocarcinoma, or 
metastases (more commonly from the colon) should be 
ruled out, especially in biopsy specimens.*'*?!> Tumors 
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Figure 7-15 W Littre adenocarcinoma. The tumor forms 
glands and it is ulcerating the overlaying squamous epithelium. 
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with an intestinal appearance have displayed a CK7/CK20 
positive immunoprofile; however, they have been negative 
for CDX2 and b-catenin.’ In men, secondary extension 
to the urethra by acinar- or ductal-type prostate carcinoma 
should also be ruled out.?!°?!” There is controversy regard- 
ing the origin of urethral adenocarcinomas. Although 
in the past, these tumors were thought to arise from the 
periurethral glands (Skene glands), it is now accepted that 
urethral adenocarcinomas may have more than one ori- 
gin?’ including origin from preexisting villous adenoma 
that undergo secondary malignant transformation'*® or 
urethritis glandularis.'*?'° Prognosis is related to stage 
and location of the tumor. Patients with urethral adeno- 
carcinoma frequently present at advanced stage.2 When 
centered in the distal urethra (anterior), patients have a 
better prognosis compared to tumors located in the proxi- 
mal urethra (posterior) with the overall survival being low 
(<30% at 5 years).?!8?!9 


Clear Cell Carcinoma 

This tumor resembles its miillerian counterpart and 
accounts approximately for 15% of all urethral adenocar- 
cinomas.*”*?° It occurs more frequently in older women 


Figure 7-16 W Clear cell carcinoma. The tumor forms a large exo- 
phytic mass, and it is present within a diverticulum. The tumor is composed 
of tubules and cysts display hobnail cells (B). The tumor cells also form 
papillae lined by clear cells (C). (A, From Oliva E, Amin MB, Jimenez R, 
et al. Clear cell carcinoma of the urinary bladder: a report and comparison 
of four tumors of miillerian origin and nine of probable urothelial ori- 
gin with discussion of histogenesis and diagnostic problems. Am J Surg 


Pathol 2002;26(2):190-197, with permission.) 


with a female-to-male ratio of 3:1.**' Patients frequently 
present with gross or microscopic hematuria or lower uri- 
nary tract symptoms. Tumors often form a visible mass 
(Fig. 7-16A).'*8!*°!6! On microscopic examination, clear 
cell carcinoma frequently has a prominent polypoid 
growth, and it shows tubulocystic (Fig. 7-16B), papillary 
(Fig. 7-16C) or solid patterns or admixture thereof. The 
papillae may have hyalinized fibrovascular cores. Tubules, 
cysts, and papillae are lined by columnar to cuboidal to 
flat (more commonly in cysts) cells with moderate amount 
of eosinophilic to clear cytoplasm. Hobnail cells are a 
frequent finding but may not be conspicuous in a given 
neoplasm (Fig. 7-16B). The tumor cells show promi- 
nent nuclear pleomorphism and brisk mitotic activity. 
Areas of hemorrhage and necrosis are common. Tumors 
express low molecular weight keratins, CK7 and CK20, 
but are negative for estrogen and progesterone recep- 
tors, PSA, PSAP, and racemase (p504S),!27140.161222.223 
There is a striking association of clear cell carcinoma 
with urethral diverticulum.'*! The most common prob- 
lem in differential diagnosis is nephrogenic adenoma, 
as both have a common association with a diverticulum, 
similar growth patterns, and the finding of hobnail and 
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clear cells.!2!!22,141.161224 Furthermore, a subset of clear cell 
carcinomas may diffusely mimic nephrogenic adenoma.'” 
Even though clear cell carcinoma may focally have a sub- 
tle appearance, the presence of any degree of cytologic 
atypia or mitotic activity should raise suspicion for malig- 
nancy. '**.!*°.'61 Tt has been postulated by some investigators 
that nephrogenic adenoma may be the precursor lesion of 
clear cell carcinoma**’; however, this hypothesis has never 
been proven. Immunohistochemical stains are not helpful 
in this differential diagnosis as both lesions show an over- 
lapping immunohistochemical profile including expres- 
sion of PAX2 and PAX8.!”3-!27-130.140.141 Other entities in the 
differential diagnosis include metastatic clear cell carci- 
noma of the gynecologic tract (PAX8 positive),”° meta- 
static renal cell clear cell carcinoma (PAX2 and PAX8 
positive)°**8 (clinical history being very important in 
both), urothelial carcinoma with cysts or clear cells???*° 
(typically negative for hepatocyte nuclear factor-1B in 
contrast to clear cell carcinoma),”*! and the rare tubulo- 
cystic clear cell carcinoma arising in the prostate.**? Even 
though an origin of these tumors from Skene glands has 
been proposed, it has not been supported to date. Clear 
cell carcinoma has a relatively good prognosis that corre- 
lates with stage at the time of diagnosis linked to the fact 
that many of the tumors have an exophytic growth and do 
not penetrate deep into the urethral wall and that many of 
them originate within a diverticulum. '°? 


Adenocarcinoma of Accessory Glands 

Adenocarcinoma arising from Skene glands of the female 
urethra or Littre or Cowper glands in the male urethra has 
also been reported, but they are exceedingly rare.?™3-237 
In females they can arise anywhere in the urethra, but they 
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are more commonly seen in its distal segment. In contrast, 
adenocarcinoma arising from Littre glands is typi- 
cally centered in the penile urethra, while Cowper gland 
adenocarcinoma grows in the bulbomembranous urethra. 
Presenting symptoms are nonspecific. The gross and histo- 
logic appearance of the tumors is similar to that described 
for urethral adenocarcinoma, NOS (Fig. 7-15); however, in 
female patients, the tumors may have a morphology that is 
similar to prostatic adenocarcinoma including staining for 
prostatic markers.*°*8 Furthermore, adenoid cystic car- 
cinoma arising from Skene glands has been reported. The 
tumors typically form a well-circumscribed mass (Fig. 
7-17A) with a suburethral location and no direct continu- 
ity with the urethra. On sectioning, they have a homo- 
geneous gray to white, firm cut surface (Fig. 7-17A). On 
microscopic examination, the tumors display variably sized 
nests with prominent cribriforming (Fig. 7-17B), tubules, 
and cords and infrequently may have a solid pattern as seen 
in their salivary gland counterpart. The cribriform spaces 
are filled with eosinophilic or basophilic acellular base- 
ment-like material which is highlighted with PAS-D (Fig. 
7-17B). The cells are uniform and small displaying eosino- 
philic cytoplasm and round nuclei. The intervening stroma 
may be hyalinized. Perineural invasion is a frequent finding. 
As these tumors tend to occur in the distal portion of the 
female urethra, a Bartholin gland origin should be excluded. 
The tumor reported in the literature was positive for kera- 
tins, CEA, and S100.**’ In most instances, it is impossible to 
determine with certainty the origin of these carcinomas as at 
the time of surgery the tumor has destroyed any preexistent 
histologic evidence. Only when the tumor is seen in close 
association with periurethral glands, an origin from these 
glands can be considered (Box 7-2). 


Figure 7-17 Œ Adenoid cystic carcinoma. The tumor has a paraurethral location (A). It is composed of nests with cribriform spaces 
that are filled with eosinophilic or basophilic acellular basement-like material (B). 
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Box 7-2 URETHRAL ADENOCARCINOMA 


1. Primary 
Conventional: 
In females: proximal urethra most common 
In males: bulbomembranous urethra most common 
Most frequent carcinoma within diverticulum 
Subtypes: 
NOS 
Mucinous (colloid) 
Signet ring 
Typically CEA positive and PSA negative 
If intestinal differentiation CDX2 positive 
Differential diagnosis: 
Urothelial carcinoma with extensive glandular 
differentiation 
Urinary bladder adenocarcinoma with secondary urethral 
extension 
Prostate carcinoma 
Overall poor survival (<30% at 5 years) 
Clear cell 
Female 3:1 Male 
Polypoid growth 


Other Malignant Epithelial Tumors 

Other malignant epithelial tumors, either primary or meta- 
static to the urethra, have been reported including small cell 
carcinoma,”’*8 metastatic colon (Fig. 7-18), prostate, and 
renal carcinoma’!**445 as well as carcinoid tumors.”“° 


Mesenchymal 
Benign 


Leiomyoma 
Although mesenchymal neoplasms of the urethra are exceed- 
ingly rare, leiomyomas are by far the most common subtype 
in adults, being more often encountered in females than 
males.” ® They may be asymptomatic or present with uri- 
nary symptoms such as hematuria, obstruction, or dysuria. 
The gross and microscopic features are identical to their uter- 
ine counterparts. They are typically well circumscribed with 
a bulging white, whorled cut surface. They are composed of 
compact intersecting fascicles of spindled cells with cytoplas- 
mic eosinophilia, oval-shaped nuclei with blunted ends, and 
fine nuclear chromatin (Fig. 7-19). Mitotic activity is typically 
low to absent, and tumor cell necrosis and nuclear pleomor- 
phism are lacking; however, symplastic nuclei can be seen on 
occasion as it has been reported in the urinary bladder.” 
The differential diagnosis of urethral leiomyoma includes 
postoperative spindle cell nodule or pseudosarcomatous 
myofibroblastic proliferation and genital stromal tumors 
such as angiomyofibroblastoma, cellular angiofibroma, 
and aggressive angiomyxoma, given their possible ana- 
tomic proximity to the urethra. Most problematic may be 
the differential diagnosis with leiomyosarcoma, especially 
in small biopsies as infiltrative growth, necrosis, or cyto- 
logic atypia may not be uniformly present. Primary urethral 


Frequent association with diverticulum 

Tubulocystic, papillary, solid growths frequently admixed 

CK7, CK20, HNF-B1, PAX2, PAX8 positive 

ER, PR, PSA, PSAP, racemase negative 

Differential diagnosis: 
Nephrogenic adenoma 
Metastatic clear cell carcinoma gynecologic tract 
Metastatic renal cell clear cell carcinoma 

Prognosis related to stage 

Adenocarcinoma of accessory glands 

In females: more common in distal urethra 

In males: more common in penile and bulbomembra- 
nous urethra 

Histologically similar to conventional urethral 
adenocarcinoma 

Uncommon variant: Adenoid cystic carcinoma 


2. Secondary 
Prostatic 
Colorectal 
Other 


leiomyosarcoma is exceedingly rare. It is typically associ- 
ated with poor circumscription, ulceration, necrosis, and 
hemorrhage. On microscopic examination, the presence of 
any degree of cytologic atypia and mitotic activity should 
raise concern for malignancy. Leiomyomas show immuno- 
reactivity for smooth muscle actin and desmin, and estrogen 
receptor expression has also been reported.”*! Urethral leio- 
myomas are typically cured by conservative excision with 
only rare local recurrences reported. 


Figure 7-18 Œ Metastatic colonic carcinoma. The tumor 
shows papillary and glandular arrangements, and the cells have 
pseudostratified nuclei. 
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Figure 7-19 E Leiomyoma. The bland spindled tumor cells 
with pink cytoplasm and “cigar-shaped” nuclei form long fascicles. 


Neurofibroma 
Neurofibromas of the urethra are rare, and most reported 
cases have occurred in the setting of neurofibromatosis.”>? ?* 
Their presentation is nonspecific and includes obstruction 
or other urinary symptoms. Urethral neurofibromas have an 
appearance identical to those in other anatomic sites, char- 
acterized by a hypocellular proliferation of spindle cells 
arranged in loose and disorganized fascicles with scattered, 
variably shaped bundles of collagen (Fig. 7-20). They may 
be extensively myxoid or collagenized. The cells have scant 
cytoplasm and small bland nuclei with curved or wavy con- 
tours containing a tiny nucleolus. 

The most important differential diagnosis is botryoid 
rhabdomyosarcoma as hypocellular areas in this tumor may 


Figure 7-20 ® Neuwrofibroma. Spindle cells are arranged 
in loose and disorganized short fascicles set in an edematous 
background. 
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closely mimic a neurofibroma. Both cytoplasmic and nuclear 
immunoreactivity for S100 protein help to confirm the diag- 
nosis of neurofibroma. These tumors are benign and can be 
treated with surgical excision. 


Hemangioma and Vascular Malformation. Although ure- 
thral hemangiomas have been frequently reported in the lit- 
erature,*>*°’ most of these lesions are currently considered 
vascular or lymphatic malformations following most recent 
classifications.” They may affect patients of any age who 
frequently present with bleeding. Grossly, a multilobated 
submucosal hemorrhagic mass is seen, and large-caliber ves- 
sels may be identifiable. These lesions are morphologically 
heterogeneous but typically have variably sized, irregularly 
formed blood or lymphatic vessels which may be throm- 
bosed. Generally, conservative local excision is performed 
to alleviate symptoms and preserve function. 


Other Tumors 


Granular cell tumors may occur throughout the genitourinary 
tract but are extremely rare in the urethra.” They are similar 
to those seen in other sites with eosinophilic granules filling 
the cytoplasm, round nuclei, and an association with pseudo- 
epitheliomatous hyperplasia in some cases. Other reported 
but uncommon urethral mesenchymal tumors include 
Masson tumor (papillary endothelial hyperplasia)! and 
paraganglioma.”” 


Malignant 


Rhabdomyosarcoma 

Rhabdomyosarcoma is the most common soft tissue sar- 
coma in children, and the genitourinary tract is a frequent 
location.''°?°* Grossly, these tumors present as polypoid, 
predominantly intraluminal masses. Morphologically, the 
main diagnostic feature is the finding of a “cambium layer” 
where spindle cells condense underneath the surface uro- 
thelial or squamous lining epithelium. The spindle cells 
show varying degrees of differentiation ranging from small 
undifferentiated mesenchymal cells (Fig. 7-21A) to fully 
developed rhabdomyoblasts with prominent eosinophilic 
cytoplasm and cross-striations. At low-power magnifica- 
tion, these hypercellular areas alternate with hypocellular 
areas composed of loose myxoid/edematous stroma with 
relatively bland spindle cells (Fig. 7-21B). This morphologic 
appearance is characteristic of the botryoid subtype rhab- 
domyosarcoma. Desmin and nuclear myogenin or MyoD1 
expression confirms the diagnosis. The clinical differential 
diagnosis is usually straightforward in children. Embryonal 
rhabdomyosarcoma may closely mimic a benign process 
such as neurofibroma or postoperative spindle cell nodule/ 
pseudosarcomatous myofibroblastic proliferation especially 
when only small biopsies showing the hypocellular areas are 
provided. It should also be distinguished from alveolar rhab- 
domyosarcoma, which is relatively infrequent in the genito- 
urinary tract, especially in children.'!°? 
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hypocellular and myxoid areas (B). 


Treatment consists of multimodality therapy including 
chemotherapy, surgery, and radiation, with cure rates over 
80% in the botryoid embryonal rhabdomyosarcoma.”® 


Other Malignant Mesenchymal Tumors 

Other malignant mesenchymal tumors of the urethra and 
periurethral region are extremely rare and include Kaposi 
sarcoma of the urethral meatus.°% 


Melanoma 

The urethra is the preferred site for primary malignant mela- 
noma in the urinary tract accounting for 4% of urethral can- 
cers and 0.2% of all melanomas.” It is more common in 
females than males (3:1), more frequent in the white popu- 
lation, and most often diagnosed after the fifth decade.2°*?” 
The distal urethra is affected most often in both genders. In 
men >50% melanomas occur in the fossa navicularis, 5% in 


A: i > ‘ 
Figure 7-22 ® Malignant melanoma. Multiple dark brown irregular lesions are present in the distal penile urethra (A). The 
tumor shows a biphasic epithelioid and spindled growth. Notice the presence of melanin pigment (B). (A, From Oliva E, Quinn TR, 
Amin MB, et al. Primary malignant melanoma of the urethra: a clinicopathologic analysis of 15 cases. Am J Surg Pathol 2000;24: 


785-796, with permission.) 


the urethral meatus, and 15% in the pendulous and prostatic 
urethra respectively.*”!’” If the glans penis is involved, it may 
be difficult to determine if the tumor is primary in the glans 
or urethra, but primary tumors of the glans are approximately 
twice as common as those of the urethra.?” If multifocal, sus- 
picion for spread from an occult primary elsewhere should be 
high. Presenting symptoms are nonspecific, but occasionally 
patients may present with melanuria.’™ Urethral malignant 
melanomas rarely arise in association with nevi. On cysto- 
scopic examination, the tumors are commonly confused with 
urothelial carcinomas. On gross examination, the tumors are 
often polypoid, and a dark or black color may be appreciable 
(Fig. 7-22A). Although less frequently, they can present as 
macules along the urethral mucosa or as ulcerated lesions.” 
Urethral malignant melanoma shows a wide histologic 
spectrum including diffuse, nested, fascicular, or storiform 
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growths of usually pleomorphic tumor cells (Fig. 7-22B). 
Pseudoglandular or follicle-like spaces can be seen. The tumor 
cells usually have abundant eosinophilic cytoplasm (epi- 
thelioid appearance) with or without melanin pigment (Fig. 
7-22B), but they can also have a rhabdoid, clear, or even vacu- 
olated appearance. No histologic differences between primary 
or metastatic melanomas exist; thus, careful clinical informa- 
tion is crucial in determining the origin of the neoplasm.?%?”° 

The differential diagnosis includes most commonly urothe- 
lial carcinoma, either poorly differentiated (if solid growth) or 
papillary (if pseudopapillary pattern and cells devoid of mela- 
nin). Careful search for melanoma in situ, melanin pigment, 
or findings that rule out melanoma such as focal squamous or 
glandular differentiation are helpful. Furthermore, urothelial 
carcinoma is positive for CK7 and CK20 and uroplakin.?”5277278 
Extramammary Paget disease extending from the vulva in 
females or the scrotum or penis in males may be confused 
with the radial growth phase of malignant melanoma. Cells 
in Paget disease have abundant vacuolated cytoplasm and 
large vesicular nuclei, and the atypical cells tend to cluster 
at the tips of the rete ridges whereas melanoma cells are situ- 
ated at the squamous—mucosal junction. Paget cells are found 
above a preserved basal cell layer. These atypical cells contain 
mucin in their cytoplasm, which is PAS-D resistant; they are 
also CEA and EMA positive. This immunohistochemical pro- 
file coupled with negativity for S100 and HMB-45 staining 
points toward a diagnosis of Paget disease.”” Other entities in 
the differential diagnosis include genital lentiginosis, atypical 
lentiginous hyperplasia, and melanocytic nevi of the genital 
area.”*?8! Electron microscopy may aid by demonstrating 
melanosomes in different stages of maturation, especially 
when dealing with amelanotic neoplasms.” 

Urethral malignant melanoma has a worse prognosis than 
does its cutaneous counterpart, in part as a result of delay in 
diagnosis that is associated with extension outside the ure- 
thra. Most patients do not survive more than 3 years. There 
appears to be no correlation between tumor stage and survival 
even though most tumors are not deeply invasive into the ure- 
thral wall because of their polypoid growth (low stage).?”? 


Hematopoietic and Lymphoid Neoplasms 

The urethra is the least common organ of the urinary tract 
to be involved by lymphoma. Non-Hodgkin lymphomas are 
more frequent, diffuse large B-cell lymphoma (Fig. 7-23) 
representing 50% of all of them, followed by extranodal 
marginal zone lymphoma,”**?*? and plasmacytomas.’” 
Patients most often present with nonspecific symptoms/ 
signs including hematuria, dysuria, obstruction, or a mass. 
When lymphomas have a polypoid growth, they may mimic 
the appearance of a urethral caruncle. Furthermore, the atyp- 
ical stromal cells in this pseudoneoplastic lesion may be con- 
fused with lymphoma cells.** Although these tumors have 
been reported to have an overall good prognosis, especially 
for plasmacytoma, experience is very limited, and some 
patients have died. 
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Figure 7-23 E Diffuse large B-cell Lymphoma. Sheets of 
large lymphoid cells with irregular nuclei are admixed with tingible 
body macrophages. 


Secondary Neoplasms 

Because of the anatomic proximity of the urethra to other 
organs, extension of an adjacent neoplasm to involve the 
urethra is not infrequent. In females, primary neoplasms of 
the gynecologic tract, such as cervicovaginal squamous cell 
carcinoma, are most common. In males, high-stage penile 
squamous cell carcinoma and prostatic ductal carcinoma 
may involve the urethra. 


STAGING OF PRIMARY MALIGNANT EPITHELIAL 
AND MESENCHYMAL TUMORS OF THE URETHRA E 
Specimen Handling 


In females, the surgical treatment for urethral malignant 
tumors often includes urethrectomy as well as cystectomy 
as the urethra is very short, and in cases of advanced dis- 
ease an exenteration may be performed. In contrast, as the 
urethra in men is much longer, depending on the location 
of the tumor, different types of specimens may be obtained. 
However, in all cases, as assignment of stage is based on 
depth of invasion, it is extremely important to properly ori- 
ent these specimens. After inking the surgical margins and 
opening the urethra longitudinally, pinning of the specimen 
to a firm surface may be helpful to ensure appropriate orien- 
tation. Consecutive sections perpendicular to the pong axis 
of the urethra should be performed in order to preserve ori- 
entation and relationship of tumor to adjacent structures and 
for estimation of size and depth of invasion. After proper 
fixation, sections should be taken indicating orientation from 
proximal to distal or vice versa in a section code. If the tumor 
is very close to the distal or proximal urethral margin, radial 
rather than en face sections of that margin ensure proper 
visualization of the surgical margin. It is important to take 
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Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, anterior vagina, bladder neck 


Box 7-3 TNM STAGING SYSTEM FOR URETHRALTUMORS MALIGNANT 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Noninvasive papillary, polypoid, or verrucous carcinoma 

Tis Carcinoma in situ 

Fi Tissue invades subepithelial connective tissue 

T2 Tumor invades any of the following: corpus spongiosum, prostate, periurethral muscle 
T3 

T4 Tumor invades other adjacent organs 


Urothelial Carcinoma of the Prostate 


(extraprostatic extension) 


Regional Lymph Nodes (N) 


Tis pu Carcinoma in situ, involvement of the prostatic urethra 
Tis pd Carcinoma in situ, involvement of the prostatic ducts 


I Tumor invades subepithelial connective tissue 
T2 Tumor invades any of the following: prostatic stroma, corpus spongiosum, periurethral muscle 
TS Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, bladder neck 


T4 Tumor invades other adjacent organs (invasion of the bladder) 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node 2 cm or less in greatest dimension 

N2 Metastasis in a single node more than 2 cm in greatest dimension, or in multiple nodes 


sections that include tumor and nontumor mucosa in order 
to identify potential precursor lesions (Box 7-3). 


Specimen Reporting 


A complete report should include tumor type, including 
secondary types of differentiation if present; grade of dif- 
ferentiation; depth of invasion including secondary organs 
affected; presence of lymphovascular invasion and/or peri- 
neural invasion; and status of the surgical margins. In some 
cases, an underlying precursor lesion may be identified, and 
it is of interest to include it in the report as it may be helpful 
for ulterior clinical management of the patient. It is impor- 
tant that if the specific T stage is not provided, all elements 
that are necessary for proper staging are listed in the report 
in a clear manner. If ancillary techniques are performed in 


PATHOLOGY REPORTING FOR URETHRAL CARCINOMA 

(*): 

Tumor size 

Tumor type, including secondary types of differentiation 
if present (not required) 

Grade of differentiation (not required) 

Depth of invasion 

Tumor extension to adjacent organs 

Presence of lymphovascular invasion (not required) 

Status of surgical margins 

Presence of underlying precursor lesion (not required) 

Pathologic staging (pTNM) 

Protocol for the Examination of Specimens from Patients 
with Carcinoma of the Urethra. http://www.cap.org/ 
apps/docs/committees/cancer/cancer_protocols/201 1/ 
urethra_11protocol.pdf 


order to properly classify the tumor, this information may be 
reported in a note (Box 7-3 and 7-4). 
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Nonneoplastic Diseases of the Prostate 


and Seminal Vesicles 


PROSTATE 


Introduction 


Nonneoplastic diseases of the prostate are common afflic- 
tions of men. Prostatitis and benign prostatic hyperplasia 
(BPH) in particular are highly prevalent clinical disorders. 
About one in nine men aged 25 to 80 have clinical pros- 
tatitis-like symptoms.'? Moderate to severe lower urinary 
tract symptoms, which are clinical hallmarks of BPH, are 
found in one-quarter of men in their 50s, one-third of men 
in their 60s, and about one-half of men 80 years or older.’ 
Histologic detection of inflammation and BPH (nodular 
glandular and/or stromal hyperplasia) in prostatic tissues is 
even more common. In contrast, nonneoplastic diseases of 
the seminal vesicles are distinctly uncommon to rare. In this 
chapter, benign nonneoplastic conditions of the prostate and 
seminal vesicles are surveyed, with a focus on pathologic 
diagnosis and differential diagnosis, with clinicopathologic 
correlations. 

Nonneoplastic diseases of the prostate are also important 
since several nonneoplastic lesions can be misdiagnosed as 
prostate cancer, and are therefore pseudoneoplasms or benign 
mimickers of prostate cancer (Table 8-1). Foremost amongst 
these histologic benign mimickers are prostatic atrophy, 
atypical adenomatous hyperplasia (AAH) (adenosis), basal 
cell hyperplasia, and inflammatory atypia.*’ In the seminal 
vesicle a classical pitfall is the misinterpretation of normal 
nuclear atypia as malignancy, and in particular, prostatic 
carcinoma. 


Function 


The prostate is one of the male sex accessory tissues, 
which include the prostate, seminal vesicles, and bulbo- 
urethral glands. The main function of the prostate is to 
form secretions that constitute one-half to two-thirds of the 
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3 mL volume of the ejaculate.’ The biologic role of many 
biochemical substances found in the semen is unknown. 
A well-defined function has been established for several 
enzymes that participate in the clotting and lysis of the 
seminal vesicle clot. One of these enzymes is prostate spe- 
cific antigen (PSA), which is a serine protease and esterase 
that cleaves semenogelin, a protein involved in clotting. 
Additional substances found in high concentration include 
potassium, zinc, citric acid, spermine, amino acids, pros- 
taglandins, and a number of enzymes. These secretory 
products enhance fertility by promoting sperm viability 
and motility. An antimicrobial role has been suggested for 
zinc, spermine, and proteases. Physically, by mass effect, 
musculature, and location, the prostate may contribute to 
urine flow from the bladder. The prostate is not essential for 
life. Removal of the entire gland by surgery (radical pros- 
tatectomy) can be accomplished without consequences. In 
some men, there may be complications of incontinence and 
impotence, the latter being due to damage to periprostatic 
neurovascular bundles. Failure of the gland to form, as seen 
in 5o-reductase deficiency’ and testicular feminization," is 
not lethal. 


Normal Embryology, Anatomy, and Histology 
Embryology 


The prostate is derived from the urogenital sinus and is first 
recognizable at 9 to 10 weeks of development.'' Testosterone 
from the embryonic testis stimulates ingrowth of endoder- 
mal buds into urogenital sinus mesenchyme. It is thought 
that there is a reciprocal interaction of epithelium and mesen- 
chyme during development by which, under the influence of 
androgens, urogenital sinus mesenchyme induces urogenital 
sinus epithelium to undergo prostatic ductal morphogenesis 
and differentiation.'? The differentiating prostatic epithelium 
in turn signals the urogenital mesenchyme to differentiate 
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Table 8-1 PSEUDONEOPLASMS OF THE 


PROSTATE 


Atrophy* 

Atypical adenomatous hyperplasia (adenosis) * 
Basal cell hyperplasia* 

Cribriform hyperplasia 

Nephrogenic metaplasia (adenoma) 
Verumontanum mucosal gland hyperplasia 
Squamous metaplasia 

Urothelial metaplasia 

Radiation atypia 

Prostatitis (especially xanthogranulomatous) 
Malacoplakia 

Endometriosis 

Postoperative spindle cell nodule 

Atypical stromal cells 

Extramedullary hematopoiesis 

Cowper glands 

Paraganglia in prostate 

Benign glands adjacent to nerves and skeletal muscle 
Signet ring change in stromal nodule 
Crowded benign glands 

Seminal vesicle/ejaculatory duct epithelium 


*Most likely to be misdiagnosed as carcinoma. 


into smooth muscle cells that closely surround the epithelial 
ducts. This dynamic dance of tissue remodeling entails 
coordinated temporal and spatial processes of ductal bud- 
ding, branching morphogenesis, cellular proliferation, and 
secretory function. By 13 weeks some 70 primary ducts are 
present. Three stages of development from 20 weeks’ gesta- 
tion to 1 month of age have been delineated.'* The bud stage 
at 20 to 30 weeks’ gestation exhibits solid cellular buds at 
the end of ducts, with spindled cells in the center and colum- 
nar cells at the periphery. The bud-tubule stage at 31 to 
36 weeks shows small collections of cellular buds and acinar 
structures (Figs. 8-1 and 8-2). The third stage is character- 
ized by more distinct lobular organization of acinotubular 
clusters. Squamous metaplasia of prostatic ducts and urethra 
is a common finding in the fetal prostate. This metaplasia is 
gradually lost after birth. 

The immunophenotype of fetal prostatic epithelial cells 
is similar to the rare adult transiently amplifying epithelial 
cells, which show coexpression of basal and luminal cyto- 
keratins, high proliferation, and lack of p27 expression." 

Molecular pathways thought to be important in prostate 
organogenesis and morphogenesis include those regulated by 
androgens, hedgehog, p63, Nkx3.1, Sox9, Noggin, fibroblast 
growth factor receptor, forkhead transcription factor, Notch, 
and BMP7. Most of this work, with a few exceptions,'® has 
been done in rodent model systems. Interestingly, some of 
these molecules have been implicated in human prostate 
cancer biologic behaviors.” The definitive identification 
of prostatic epithelial stem cells involved in prostate gland 


Figure 8-1 W Fetal prostate at 33 weeks with dominance of 
stroma and immature epithelium. 


development has not yet been realized, but cell populations 
enriched for cells exhibiting stem cell characteristics express 
the stem cell markers CD133(+), alpha2betal(hi), CD44, 
and Sca-1 along with embryonic stem cell factors including 
Oct-1, Nanog, Sox2, and nestin."* 

The seminal vesicles, epididymis, vas deferens, and ejac- 
ulatory ducts are formed from Wolffian (mesonephric) ducts 
under the influence of testosterone. It has been proposed 
that the central zone of the prostate is also of mesodermal 
Wolffian duct origin.'' In this model the prostate gland is of 
dual embryonic derivation. 


Anatomy 


From birth to age 10 to 12 years there is an infantile resting 
phase where prostate size remains stable at about 1 to 1.4 g. 
During this time there is continual duct formation, solid bud- 
ding at the periphery, and branching morphogenesis." From 
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Figure 8-3 WE Anatomical relationships of prostate from the frontal (left) and coronal (right) perspectives. TZ, transition zone; CZ, 
central zone; PZ, peripheral zone; AFS, anterior fibromuscular stroma. (From Timms BG. Anatomical perspectives of prostate development. 
In: Naz RK, ed. Prostate: basic and clinical aspects. New York: CRC Press; 1997:36, figure 4-A). 


12 to 18 years of age there is a pubertal maturation period with 
a significant increase in gland size, to 11 to 18 g by age 18. 
This period is characterized by androgen-driven gland 
branching, and differentiation of immature prostatic epithe- 
lium into adult-type basal and secretory cells. 

The adult prostate gland surrounds the urethra immediately 
below the base of the urinary bladder and is located posterior 
to the inferior symphysis pubis, superior to the urogenital 
diaphragm, and anterior to the rectum (Figs. 8-3 and 8-4). 
It has a shape like a truncated cone or a top lying on its side. 
It measures 5 cm x 4 cm x 3 cm and weighs 20 g from ages 
20 to 50, with an increase to 30 g from ages 60 to 80. 

Historically, the prostate was thought to have anywhere 
from two to five lobes.” The five-lobe model was uti- 
lized in the first half of the 20th century, until 1954, when 
Franks?! forwarded the concept of an outer gland, where 
carcinomas arose, and a periurethral inner gland. Further 
modeling evolution occurred when McNeal developed the 
three-zone model, which defines the central zone, the transi- 
tion zone, and the peripheral zone (Fig. 8-4). It may be dif- 
ficult in some cases to grossly and microscopically recognize 
a sharp demarcation between these zones, but these zones 
do have structural differences, and disease differentially 
affects these zones (Table 8-2). Carcinoma tends to arise in 
the peripheral zone (although about 20% of carcinomas do 
arise in the transition zone) and BPH is typically a transition 
zone process, while the central zone is remarkably resistant 
to disease. The prostatic urethra is formed at the bladder 
neck, turns anteriorly 35 degrees at its midpoint (the ure- 
thral angle), and exits the prostate at the apex, where it is 


continuous with the membranous urethra. The urethral angle 
can vary between 0 degree and 90 degrees and divides the 
urethra into proximal (so-called preprostatic) and distal 
(so-called prostatic) segments. The transition zone, which nor- 
mally makes up 5% of prostate gland volume, wraps around 


Seminal 
vesicles 


Figure 8-4 E Anatomical relationships of the adult prostate. 
The prostate has three zones: central zone (CZ, through which 
the ejaculatory ducts course), transition zone (TZ, site of benign 
prostatic hyperplasia nodules), and the peripheral zone (PZ), 
where most carcinomas arise. (Modified from Cancer: Principles 
and Practice of Oncology, 4th edition, Lippincott Williams and 
Wilkins). 
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Table 8-2 m COMPARISON OFTHE THREE ZONES OFTHE PROSTATE 


Peripheral Zone 


Transition Zone Central Zone 


Percentage of normal prostate 70% 
Embryologic origin Urogenital sinus 
Anatomic location 


Inflammation Common 

Hyperplasia (BPH) Uncommon 

PIN Common 

Percentage of cases of 70% 
adenocarcinoma 

Gland:stroma ratio ql 

Epithelium Irregular small acini 

Stroma Loose fibromuscular 


the proximal urethra (Fig. 8-4). The main ducts of this zone 
drain into posterolateral recesses of the urethra at a point 
just proximal to the urethral angle. Some of the more medial 
ducts penetrate through the thick smooth muscle bundles of 
preprostatic sphincter. Also found in the smooth muscle of 
the preprostatic sphincter are minute ducts and abortive acinar 
arrangements of periurethral glands, which constitute only 
about 1% of the total glandular volume of the prostate. The 
central zone makes up about 25% of the entire prostate gland 
and is a posteriorly situated cone-like structure with the base 
of the cone projecting toward the base of the bladder. The 
paired ejaculatory ducts (Fig. 8-5) run through the central 
zone from the seminal vesicles to their exit at the posterior 
urethral protuberance, known as the verumontanum (or col- 
liculus seminalis) (Fig. 8-6). Within the verumontanum is a 
cul-de-sac, the prostatic utricle, located between the ejacula- 
tory ducts (Fig. 8-7). It may also lie deep to the ejaculatory 
ducts or may be embedded as a tiny cavity in the prostatic 
parenchyma.” The ducts from the central zone drain into the 
urethra via orifices positioned just next to the ejaculatory 
duct orifices on the verumontanum. The peripheral zone of 


central zone of the prostate. 


Posterior, lateral, and apical 


5% 25% 
Urogenital sinus Wolffian duct 
Around proximal urethra Posterior cone-like structure 


Common Rare 
Common Rare 
Uncommon Rare 
20% 5% 
121 2al 


Irregular small acini 
Compact fibromuscular 


Larger, darker, complex glands 
Compact fibromuscular 


the prostate gland is the bulk of the posterior, lateral, and 
apical portion of the prostate gland and accounts for 70% of 
the total gland volume. The ducts of this zone empty into the 
posterior urethral recesses or grooves in a double row from 
the verumontanum to the prostatic apex. Finally, a patch of 
nonglandular tissue called the anterior fibromuscular stroma 
is present anteriorly over the prostate and extends from the 
bladder neck to the apex of the prostate. 


Histology/Immunohistology 


Epithelium 

Microscopically, the normal adult prostate is a branching 
duct-acinar glandular system embedded in a dense fibro- 
muscular stroma (Fig. 8-8). Zonal architectural differences 
can be appreciated. Normally, the peripheral zone ducts 
and acini are evenly distributed but are irregular in size and 
shape. Normal transition zone glands are similar to those of 
the peripheral zone. Central zone glands are more densely 
arranged than peripheral and transition zone glands. The 
epithelial—stromal ratio in the central zone is 2:1, compared 


Figure 8-6 E Verumontanum of prostate—a mound of tissue 
protruding into the urethral lumen. 
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with 1:1 for the peripheral and transition zones. Also, central 
zone glands are larger and display intraluminal projections 
with fibrovascular cores. Central zone epithelium displays 
tall columnar cells with eosinophilic cytoplasm, a promi- 
nent basal cell layer, and on occasion complex intraluminal 
architecture such as Roman bridge and cribriform forma- 
tions (Fig. 8-9). These findings can be misdiagnosed as 
atypia or prostatic intraepithelial neoplasia (PIN).” Central 
zone epithelium is distinctive in its selective expression of 
pepsinogen II, lactoferrin, and lectin-binding sites.’ Central 
zone epithelium also differs from epithelium in other zones 
in proteomic profile.” 

The normal epithelium of the prostate is classically defined 
as having two cell layers: a luminal or secretory cell layer 
and a basal cell layer (Fig. 8-10). A third cell type in normal 
prostatic epithelium is the neuroendocrine cell, which is rare 


IT A 


Figure 8-8 E Normal prostate with complex glands embed- 
ded in a fibromuscular stroma. 
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form growth and Roman bridge formation. 


(Box 8-1). The secretory or luminal cells of the normal pros- 
tate glandular epithelium make up the bulk (73%) of the epi- 
thelial volume. The secretory cells are cuboidal to columnar 
with nuclei positioned in the basal to midportion of the cell. 
Cleared cytoplasm is a hallmark of normal prostatic secretory 
cells because of the presence of a large number of small clear 
secretory vacuoles. The central zone secretory cell cytoplasm 
is somewhat denser because it contains a smaller number of 
theses vacuoles.’ Mucin is not usually seen in H&E-stained 
sections of normal glands, but histochemical stains for mucins 
reveal neutral mucins (with periodic acid—Schiff [PAS] with 
diastase positivity), whereas neoplastic glands demonstrate 
neutral and acidic mucin staining. Pigment is common in 
the cytoplasm of normal prostatic secretory epithelial cells. 
These granules are 1 to 3 um in diameter, are apical or sub- 
nuclear, and are yellow-brown to gray-brown to blue by 
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Figure 8-10 E Normal prostatic epithelium with a secretory 
luminal cell layer and basal cell layer. 
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Box 8-1 TYPES OF NORMAL EPITHELIAL 


CELLS INTHE PROSTATE 


Luminal secretory cells 

Basal cells 

Neuroendocrine cells (rare) 

Urothelial cells (in central ducts) 
Ejaculatory duct cells (luminal and basal) 


hematoxylin and eosin (H&E) staining (Fig. 8-11).?° The his- 
tochemical staining characteristics, including positivity for 
Fontana-Masson, PAS with diastase, Congo red, Luxol fast 
blue, and Oil-Red-O, and autofluorescence of the pigment are 
consistent with lipofuscin. This lipofuscin pigment can also 
be found in the cytoplasm of seminal vesicle and ejacula- 
tory duct epithelium, where it is more abundant, coarser, and 
more refractile. The nuclei of normal prostatic secretory epi- 
thelial cells are small and round with fine, evenly dispersed 
chromatin. Nucleoli usually are not evident or are pinpoint 
in size. Nuclei in the central zone usually are larger than 
those in the peripheral zone and also appear crowded. This 
results in a pseudostratified nuclear appearance in the central 
zone and along with the aforementioned denser cytoplasm 
may yield a false impression of PIN.” Normal secretory 
cells are immunoreactive for pan-cytokeratins, cytokeratins 
8 and 18, PSA (Fig. 8-12), prostate-specific acid phosphatase 
(PSAP) (Fig. 8-13), and the androgen receptor. Of diagnos- 
tic significance, immunostains for o-methylacyl-coenzyme 
A racemase (alpha methylacyl CoA racemase [AMACR]; 
also known as P504S), a marker for prostatic neoplasia, can 
be focally positive in secretory cells in normal glands, but 
this staining should be focal and noncircumferential within 
normal and benign glands (Fig. 8-14).*° Additional prostate 
markers that have been utilized in diagnostic immunohisto- 
chemistry to assess for prostate versus nonprostate carcinoma 
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Figure 8-12 E Prostate-specific antigen immunoreactivity in 
normal prostatic epithelium. 


include prostate-specific membrane antigen (PSMA), pros- 
tein (P501S) (Fig. 8-15), proPSA, and NK X3.1. In normal 
prostatic tissues PSMA is weakly expressed in benign lumi- 
nal cells.’’?8 P501S is strongly expressed in benign luminal 
cells, with prominent dot-like Golgi complex staining”??? 
(Fig. 8-15). Two different proPSA molecular forms differ 
in expression in benign glands, with strong or moderate/dif- 
fuse [-5/-7]proPSA expression and negative or weak [—2] 
proPSA expression.*! NKX3.1 immunostains show intense 
labeling of most secretory luminal cell nuclei, with weak 
staining of basal cell nuclei.” 

The basal cell layer separates the secretory cells from the 
basement membrane and is nearly continuous (Figs. 8-10, 
8-16, and 8-17). Basal cells in the prostatic epithelium often 
appear as rounded or oblong cells, but can also be flattened, 
spindled, cuboidal, and triangular.” Basal cells have a scant 
amount of dense cytoplasm and small, hyperchromatic nuclei. 
The immunophenotype of basal cells is distinctive, is different 


Figure 8-13 W Prostate-specific acid phosphatase immuno- 
reactivity in normal prostatic epithelium. 
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O an 
Figure 8-14 W Focal, noncircumferential AMACR immu- 
noreactivity in benign prostatic epithelium. Red, AMACR signal; 
brown, 34BE12/p63 cocktail antibody binding to basal cells. 


from luminal secretory cells, and can be of diagnostic utility. 
The most commonly employed basal cell-specific antibod- 
ies are those that react with p63 and high-molecular-weight 
cytokeratins, especially 1, 5, 10, and 14 that are detected 
by mouse monoclonal antibody 34BE12 (also known as 
CK903).”° A cocktail consisting of 348E12 and p63 antibod- 
ies slightly improves the detection of basal cells (Fig. 8-12).** 
Immunostaining of basal cells can also be achieved using 
antibodies directed against cytokeratins 5/6.*° It should be 
noted that discontinuity or even focal lack of basal cell stain- 
ing may be seen in a minority of entirely normal glands.” The 
precise function of basal cells is unsettled, but they represent 
the proliferative component of prostatic epithelium. Stem 
cells may reside within the basal cell population. 
Neuroendocrine (endocrine-paracrine) cells constitute a 
third population of cells in normal prostatic epithelium.’ 
These cells are a small minority at about 0.4% of the total 
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Figure 8-15 W Prostein (P501S) immunoreactivity in nor- 


mal prostatic epithelium. Note granular perinuclear cytoplasmic 
pattern. 
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Figure 8-16 W Continuous prominent basal cell layer in a 
benign prostatic gland. 


adult prostatic epithelial cell population. This is a termi- 
nally differentiated, postmitotic cell population that vari- 
ably expresses androgen receptor and the secretory products 
PSA and PSAP. The keratin expression pattern is more like 
luminal than basal cells. These neuroendocrine cells are usu- 
ally recognizable only by histochemical (Fontana-Masson 
argentaffin and Churukian-Schenk argyrophil) or immuno- 
histochemical staining. By immunohistochemical detection 
of chromogranin and neuron-specific enolase, these cells 
may be found throughout the prostate but are at highest con- 
centrations in the periurethral region and prostatic ducts.*’ A 
variety of neuroendocrine markers, including chromogranin, 
neuron-specific enolase, serotonin, thyroid-stimulating 
hormone-like peptide, calcitonin, bombesin, gastrin-releasing 
peptide, somatostatin, parathormone-related protein, and 
neurotensin, have been identified in these cells by immu- 
nohistochemistry.” These immunostains highlight the highly 
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Figure 8-17 ® Continuous basal cell layer in normal pros- 
tatic epithelium, as highlighted by a p63 immunohistochemical 
stain. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


498 Urological Pathology 


interdigitating nature of these cells, which exhibit slender, 
cytoplasmic dendritic process that may be up to 200 um 
long. Neurosecretory granules of varying sizes are found in 
these cells by electron microscopy. The functional signifi- 
cance of neuroendocrine cells in the normal prostate is not 
clear, but it seems likely that the neuroendocrine products 
of these cells influence neighboring cells through the elabo- 
rate dendritic processes via a paracrine effect. Autocrine and 
endocrine influences may also be in operation. 

Urothelium is another type of epithelial cell normally 
found in the prostate. In addition to lining the prostatic ure- 
thra, urothelium also normally lines major prostatic ducts 
(Fig. 8-18). This ductal lining is variable in extent from one 
man to the next. The urothelium in the prostatic ducts dif- 
fers from such lining elsewhere in the urinary tract in that 
an umbrella layer of cap cells is lacking and is replaced by 
secretory cells that are PSA-positive. The urothelial cells are 
PSA-negative. Recognition of urothelium usually is straight- 
forward: this is a multilayered epithelium with rounded to 
elongated nuclei, some of which possess nuclear grooves. A 
degree of cytoplasmic clearing usually is evident. When uro- 
thelium involves acini in the peripheral aspects of the pros- 
tate gland, the designation urothelial metaplasia is applied.’ 
Here, unlike the normal ductal urothelial epithelial lining, 
there is often an associated acute or chronic inflammatory 
cell infiltrate.’ 

Intraluminal contents of normal prostatic glands include 
shed and degenerating epithelial cells, corpora amylacea, 
and calculi. Corpora amylacea are extremely common in 
the normal prostate and are found in up to 78% of benign 
prostates.° They are inspissated secretions that often 
assume a concentrically lamellar appearance“ like rings in 
a tree (Fig. 8-19). They are mainly rounded and may vary 
widely in size and shape (Fig. 8-20). Corpora amylacea usu- 
ally are pink to purple but may be yellow-gold to orange, 
particularly in verumontanum glands. Although corpora 
amylacea usually have a concentrically lamellar structure, 
one may uncommonly observe a radiating or starburst pat- 
tern within corpora amylacea. Sometimes corpora amylacea 


can be seen in atrophic glands, with only a thin atrophic 
epithelial lining surrounding them, and in spaces without 
an obvious epithelial lining, or they can be seen in stroma, 
with or without associated giant cells. They often calcify 
and probably contribute to the formation of prostatic cal- 
culi. Prostatic corpora amylacea possess many cellular 
constituents, including RNA, DNA, lipid, mucopolysac- 
charide, and protein*!”; by electron microscopy they show 
interwoven fibrils arranged in rings.*? Prostatic calculi are 
also extremely common, being detectable in 75% to 100% 
of men by ultrasonography.“ They are typically found in 
central, large prostatic ducts. These stones vary in size from 
microscopic to 4 cm in size and grossly are usually mul- 
tiple, round or ovoid, and brown, with variable white or gray 
areas.” Prostatic stones mainly contain calcium phosphate, 
but calcium oxalate, carbonate—apatite, and hydroxyapa- 
tite may also be present. Prostatic calculi are most often 
seen as incidental findings in the setting of inflammation 
and BPH. The diagnostic impact of corpora amylacea, 
microcalcifications, and calculi is that they are all more 
common in benign glands, but their presence does not rule 
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Figure 8-20 E Corpus amylaceum with square appearance. 
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Figure 8-21 W Crystalloid in lumen of benign gland. 


out malignancy. Corpora amylacea have been reported in 
13% of carcinomas,* and calculi are found associated 
with 6% of prostate cancers.*° 

Other intraluminal materials are, conversely, rare in 
normal gland lumina but are more common in neoplastic 
processes. These intraluminal materials include pink amor- 
phous acellular secretions, intraluminal wispy blue mucin 
(also known as blue-tinged mucinous secretions), and crys- 
talloids. Identification of these secretions, mucin, or crystal- 
loids*’ in benign prostatic tissue from needle biopsy (Fig. 
8-21) is not an indication for rebiopsy. 

Nonprostatic epithelium that can be seen associated with 
all prostatic tissue samples includes ejaculatory duct and 
seminal vesicle epithelium and colorectal epithelium. This 
last epithelium is frequently seen in needle biopsies of the 
prostate and is often of colonic glandular type, but squamous 
epithelium can also be observed. Distorted rectal tissue can 
potentially be confused with prostatic adenocarcinoma due 
to intraluminal blue mucin, prominent nucleoli, mitotic 
activity, and the immunoprofile of negative 34BE12 and p63 
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Figure 8-22 Œ Normal peripheral zone stroma (A) compared to denser normal transition zone stroma (B). 


immunoreactivity, with positive staining for alpha-methyl- 
acyl CoA racemase. 


Stroma 

Other structures of the prostate include the capsule, prepro- 
static sphincter, striated sphincter, anterior fibromuscular 
stroma, and intraglandular stroma, including smooth muscle 
cells, fibroblasts, vasculature, and nerves.!! There are zonal 
differences in stromal density. The normal peripheral zone 
stroma is fibromuscular and loosely woven (Fig. 8-22A), 
whereas normal transition zone stroma is more compact, 
with interlacing smooth muscle bundles (Fig. 8-22B). 
Rarely, adipocytes can be seen in the prostate," including 
in needle biopsy.*' For practical purposes, carcinoma in fat 
should be viewed as extraprostatic extension.” 


“Capsule” 

The outer prostatic “capsule” is actually a band of concen- 
trically placed fibrovascular tissue that is inseparable from 
prostatic stroma!" and surrounding fasciae. Outside the 
prostate, this band is also continuous with pelvic fascia and 
rectovesical fascia (of Denonvilliers). Denonvilliers fascia is 
a sheath between the rectum and prostate that covers the pos- 
terior aspect of the prostate and seminal vesicles. 

The fibromuscular band (“capsule”) of the prostate is 0.5 
to 3 mm thick and is incomplete, being absent at the apex.°? ** 
It is composed mainly of transversely disposed bundles of 
smooth muscle and collagen. Smooth muscle bundles course 
between the gland and periepithelial stroma inside the pros- 
tate gland, without obeying any sort of boundary (Fig. 8-23). 
Also, the concentration of smooth muscle fibers in the band 
and prostatic stroma is identical. Glands from the prostate 
approach this band, but the border between the outer limit 
of epithelium and the band is not often clearly definable 
under the light microscope. Posteriorly, the band fuses with 
Denonvilliers fascia and does not clearly separate prostate 
from seminal vesicle. 

Posterolaterally, peripheral gaping blood vessels have 
been used as a demarcation landmark between intraprostatic 
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Figure 8-23 E Fibromuscular sling or “capsule” surround- 
ing the prostate is ill defined. 


panaman 


and extraprostatic tissue, but such vessels clearly can extend 
into the substance of the prostate and therefore are unreliable 
as a capsular marker. Anteriorly and anterolaterally, the band 
blends with the pelvic fascia. Apically, the band is no lon- 
ger present, and instead there is a jumble of smooth muscle, 
skeletal muscle, and fibroelastic fibers. Here, it is important 
to know that the urethral striated sphincter (rhabdosphincter) 
is in direct continuity with the prostate, and indeed skeletal 
muscle fibers can normally be found, at an anterior and 
apical location, within the substance of the gland itself 
(Fig. 8-24). At the bladder neck, a capsular separation of 
bladder and prostate also does not exist; rather, there is a 
fusion of smooth muscle bundles (Fig. 8-25). 


Smooth Muscle, Fibroblasts, Extracellular Matrix, 
and Basement Membrane 

The stroma in the prostate gland consists chiefly of smooth 
muscle cells and fibroblasts, with ramifications of blood 
and lymph vessels as well as nerve bundles and axons." 
The extracellular stromal matrix of the prostate is primarily 


etal muscle in needle biopsy tissue. 
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Figure 8-25 WŒ Boundary between prostate (below) and 
urinary bladder neck (top): absence of a capsule. 


collagen of types I and III, complex polysaccharides, and 
glycosaminoglycans such as dermatan sulfate, heparin, 
chondroitin, and hyaluronic acid.* Fibronectin and tenascin 
polypeptides are also found in prostatic stroma.°°*’ Abutting 
prostatic glands is a think, delicate basement membrane, 
that, at 100-nm thickness, is too small to be seen in 
H&E-stained sections. 


Nerves 

The prostate gland has a rich nerve supply, with sympathetic 
and parasympathetic innervation arising from the pelvic 
plexus.** These nerves run with branches of the capsular 
artery and penetrate the prostate, where parasympathetic 
fibers course to acini and stimulate secretion and where sym- 
pathetic fibers cause contraction of outer band “capsular” and 
intraprostatic smooth muscle. Innervation of the peripheral 
zone and posterior “capsule” is significantly higher than that 
of the transition zone and anterior “capsule.” Histologically, 
nerves are seen in the periprostatic neurovascular bundle, 
in the outer fibromuscular band, and in the prostate itself. 
Ganglia and paraganglia (Fig. 8-26) are usually found out- 
side the gland but may also be found in the outer fibromuscu- 
lar band and within the prostate itself. Paraganglia are most 
often located in or adjacent to the lateral neurovascular bun- 
dles.® They should not be confused with “hypernephroid” 
prostatic carcinoma. Because ganglia and paraganglia can 
be found inside the prostate and in the outer fibromuscular 
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Figure 8-26 W Paraganglion in smooth muscle tissue. 


band, carcinoma invading around these structures should 
not necessarily be equated with extraprostatic extension of 
malignancy. Another diagnostic pitfall is the relationship of 
normal and benign prostatic glands to intraprostatic nerves. 
Benign prostatic glands can abut nerves®'® (Fig. 8-27) and 
can even be found within nerves.° Such glands should 
not be considered automatically malignant, and a constella- 
tion of histomorphologic traits should be used in diagnosis, 
not solely the physical proximity of prostatic glands and 
nerves. 


Lymphatics and Blood Vessels 

The blood supply to the prostate is from the inferior vesi- 
cal artery. By light microscopy, intraglandular blood vessels 
are easily seen in prostatic stroma, but capillaries adjacent 
to normal glands are not so readily appreciated on H&E 
sections, probably because a large number have closed 
lumina.® There is a network of intraprostatic lymphatics 
that drain principally into obturator and then internal iliac 


Figure 8-27 WE Benign perineural glands. 


lymph nodes. A minor amount of drainage occurs through 
the presacral group and external iliac nodes. An uncommon 
site of flow is through periprostatic or periseminal vesicle 
lymph nodes, which are found in about 4% of radical prosta- 
tectomy specimens.” 


Periprostatic Adipose Tissue 

Outside the prostate in posterolateral sites one can find neu- 
rovascular bundles and abundant adipose tissue, although 
the amount and distribution of periprostatic adipose tis- 
sue in radical prostatectomy specimens is quite variable. 
Assessment of this periprostatic adipose tissue for inva- 
sion by carcinoma is essential for pathologic staging. One 
can also find periprostatic adipose tissue in some needle 
biopsy cases. 


Cowper Glands 

Cowper bulbourethral glands are extrinsic to the prostate 
gland but are discussed here because these normal ana- 
tomic structures can be misdiagnosed as prostatic adenocar- 
cinoma®’* (Table 8-1). They are located in the urogenital 
diaphragm, just inferior to the prostate gland and lateral to 
the membranous urethra. These small structures measure 
on average 10 mm x 6 mm x 5 mm in adult men. Cowper 
glands can be incidentally and inadvertently sampled by 
needle biopsy directed at the prostate gland,” by trans- 
urethral resection of the prostate,” and by cystoprostatec- 
tomy.” The incidental sampling in needle biopsy is a rare 
event, with an incidence of 0.006%.°’ Microscopically, 
Cowper glands are compound tubuloalveolar glands com- 
posed of lobules of acini, admixed with excretory ducts and 
ductules (Fig. 8-28). Skeletal muscle fibers are seen asso- 
ciated with Cowper gland in all needle biopsy cases.*” The 
acinar lumens are small to occluded. Cuboidal to columnar 
pale-staining mucinous cells form the acini, whereas more 
flattened hybrid mucinous-ductal cells line the ducts and 
ductules. The mucinous cells are distended, with bluish, 


Figure 8-28 E Cowper glands with mucinous acini, central 
duct, and surrounding skeletal muscle tissue. 
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foamy cytoplasm, and possess small, bland, basally situ- 
ated nuclei. An acinar basal cell layer often is not apparent on 
H&E-stained sections. Immunohistochemical studies have 
produced mixed findings. In particular, studies have found 
luminal cells in the acini to be PSA positive’ or PSA nega- 
tive® and PSAP positive” or PSAP negative.‘ Also unsettled 
is whether the basal epithelial cells express high-molecular- 
weight cytokeratins recognized by antibody 34BE12. The 
acini can be negative with 34BE12 immunolabeling.® In 
most cases the basal cells are highlighted by antibodies to 
smooth muscle actin (SMA), which can be useful in the dif- 
ferential diagnosis with prostatic adenocarcinoma, although 
Cowper glands can usually be recognized by examination of 
H&E-stained slides without use of immunostains. 


Malformations 


Clinically manifest developmental abnormalities of the pros- 
tate itself are rare and include agenesis, hypoplasia, cystic 
change, and abnormal persistence and hyperplasia of meso- 
nephric remnants. Ectopic prostatic tissue is another form of 
maldevelopment. 


Agenesis and Hypoplasis 


Agenesis and hypoplasia of the prostate occur in several 
conditions including 5oa-reductase deficiency,’ testicu- 
lar feminization,” and prune belly syndrome.” Congenital 
5o.-reductase deficiency results in a rare form of pseudoher- 
maphroditism in which patients have ambiguous external 
genitalia and small or undetectable prostates. In males with 
testicular feminization, the androgen receptor is defective, 
and the prostate is entirely absent. In the prune belly syn- 
drome the prostate is hypoplastic and may not be grossly 
evident.” Histologically, there is a pronounced reduction in 
epithelial elements, a reduction in smooth muscle fibers, and 
increased fibrous tissue. Concomitantly, the seminal vesicles 
can be rudimentary or absent and the vas deferens segmen- 
tally atretic. The prostatic urethra is markedly dilated in 
these cases. 


Congenital Cysts 


Congenital cysts in the prostate region may be classified 
as utricular (of endodermal origin),” miillerian duct cysts 
(which are of mesodermal origin), ejaculatory duct cysts, 
vas deferens cysts, and seminal vesicle cysts. 

Miillerian duct cysts and utricular cysts are uncommon 
midline structures that rarely produce clinical symptoms. 
The embryologic origin of the prostatic utricle is controver- 
sial, with suggested contributions from miillerian duct and 
urogenital sinus, with recent evidence suggesting a urogeni- 
tal sinus origin.” The incidence of utricular cystic dilatation 
(congenital or postinflammatory) is estimated at 7% (5/70) 
in newborns and young infants and 1% (7/678) in adults.” 
Utricular dilatation and cyst formation are associated 
with intersex abnormalities and hypospadias, whereas true 


miillerian duct cysts are not.’° Considering the two together, 
the median age at presentation is 26 to 39 years, and symp- 
tomatic patients present most often with hematospermia, 
recurrent testicular or pelviperineal pain, and irritative 
lower urinary tract symptoms such as frequency, dysuria, 
and urgency.’”*”’ These cysts may also be associated with 
infertility due to ejaculatory duct obstruction.” Aspiration 
fluid or portions of the cyst obtained by transurethral resec- 
tion “unroofing,’ or a complete cyst, removed by open 
surgery, may be received in the anatomic pathology labo- 
ratory.” Grossly, incidentally detected utricular cysts are 2 
to 3 cm in greatest dimension, with a smooth inner wall.” 
The ejaculatory ducts are displaced laterally, with compres- 
sion of their lumens. Microscopically, the epithelium lining 
the cystic cavity has been described as columnar or cuboi- 
dal (32% of cases), although it may be stratified squamous 
(19%), urothelial (10%), or devoid of epithelium (19%).”75 
The cyst walls are composed of smooth muscle or fibrous 
tissue. In 25% of cases, acini with columnar epithelium have 
been noted in the cyst wall near the connection with the ure- 
thra. Aspiration fluid should not reveal any sperm (unlike 
the ejaculatory duct cyst). The fluid has been characterized 
as clear” or whitish to brown,” with old blood and cellular 
debris.” Stones have been found in these cysts. Treatment 
depends on symptoms, cyst size, and location. Options 
range from observation for asymptomatic patients to aspira- 
tion to surgery.” A rare complication in these cysts is the 
occurrence of malignancy. A few cases of ductal adenocarci- 
noma,*° * squamous cell carcinoma,® and clear cell adeno- 
carcinoma™ arising in miillerian duct or utricular cysts have 
been reported. 

Congenital seminal vesicle cysts and ejaculatory duct 
cysts are also in the differential diagnosis of cystic change 
in the prostatic region. Congenital ejaculatory duct cysts 
are rare; in one series where vesiculography was performed 
in infertile men, the incidence was 0.6% (1/158). Minor 
congenital anatomic variations of the ejaculatory duct 
include caudal formation of ejaculatory ducts within the 
central zone (18% of cases), abnormal posterior penetration 
of the ejaculatory ducts at the rectal surface (12%), abnor- 
mally large muscle bundles in the duct sheath (6%), and duc- 
tal dilatation (7%).* 


Mesonephric Remnants 


As a developmental anomaly, rare examples of mesonephric 
remnants have been recognized in the prostate, where they 
may assume pseudoneoplastic status due to florid hyper- 
plasia®’’ °° (see Hyperplasia section below). The incidence 
of nonhyperplastic mesonephric remnants in the prostate is 
unknown. 


Prostatic Tissue Ectopia 


Ectopic benign prostatic tissue in males has been found in a 
number of extraprostatic locations including testis, epididy- 
mis, processus vaginalis, urinary bladder, penile urethra, 
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seminal vesicle, root of the penis, subvesical space, retro- 
vesical space, pericolic fat, anal submucosa, perirectal fat, 
urachal remnant, and spleen.?!! The most frequently cited 
type of prostatic ectopia is in the prostatic urethra in the form 
of prostatic urethral polyps. However, because prostatic epi- 
thelium normally can line the urethra in the verumontanum 
region, one could argue that these polyps do not represent 
ectopia. 

Prostatic tissue has been reported in females in the 
posterior wall of the distal urethra, in paraurethral Skene 
glands,'™ in ovarian hilar mesonephric rests,” in ovarian 
teratomas,'” and in the vagina, vulva, and cervix.'*!°7In the 
vagina, tubulosquamous polyps may display prostatic dif- 
ferentiation, as substantiated by PSA and PSAP immunos- 
tains.'*'"’ A single case of ovarian teratoma with prostatic 
tissue with morphologic features of prostatic carcinoma has 
been published. 

Mature-appearing prostatic tissue has also been rarely 
reported in neoplasms, including a retroperitoneal lipoma'™ 
and a testicular teratoma.!” 

Ectopic prostatic tissue usually presents as an incidental 
finding but can manifest clinically as a mass!” or as urinary 
frequency, voiding difficulty, dysuria, or hematuria. Although 
these patients could conceivably present with serum PSA 
elevation due to ectopic prostate, this has not been reported. 
By cystoscopy, ectopic prostatic tissue in the bladder may 
be confused with cystitis cystica.” Benign adenomatous'!° 
and malignant''' changes have been described in ectopic 
prostatic tissue. The precise mechanisms for the formation 
of ectopic prostatic tissue are not definitely established. An 
embryologic remnant of the ventral portion of the cloaca is 
favored, and urothelial metaplasia has also been forwarded. 
For the lower female genital tract, a developmental anomaly, 
metaplasia of preexisting endocervical glands, and derivation 
from mesonephric remnants have been raised as possibili- 
ties.” The presence of prostatic tissue in ovarian teratomas 
could be caused by induction by locally-produced androgen 
or tissue-specific genomic imprinting, but this is speculative. 


Inflammation and Infection 


Inflammation of the prostate (prostatitis) and infection of 
the prostate are common clinical problems. It is important 
for histopathologists to appreciate the National Institutes 
of Health’s (NIH’s) definition of prostatitis,'!? and to not 
necessarily equate histologic evidence of prostatic inflam- 
mation (“histologic prostatitis”) with clinical prostatitis. 
Infections of the prostate are most often bacterial and are 
diagnosed clinically. Histopathologic detection of inflam- 
matory cells in the prostate is common, but histologic 
identification of specific infectious agents in prostatic tis- 
sues is rare. 


Prostatitis: Introduction 


Clinical prostatitis is a major health problem and has been 
considered to be the third most important disease of the 
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Box 8-2 @ PROSTATITIS: SUMMARY 


Diagnosis of chronic prostatitis is typically based on quan- 
titative bacterial cultures and microscopic examination 
of fractionated urine specimens (first 10 mL of urine is 
urethral, midstream urine is from bladder) and expressed 
prostatic secretions 

Definition of bacterial prostatitis: >10 VWWBC/HPF in prostatic 
secretions without pyuria; prostatic secretion cultures 
should have bacterial counts 10x urethral/bladder 
cultures 

Clinical: inflammation can produce elevated PSA 

Treatment of chronic bacterial prostatitis: difficult because 
antibiotics penetrate poorly into prostate 

Micro: macrophages in stroma, neutrophils in ducts/acini 
and usually localized; lymphoid aggregates are common 
with aging and nodular hyperplasia and not specific for 
prostatitis 


prostate gland after BPH and cancer.'!? In the United States 
it accounts for 2 million annual doctor visits and 25% of 
all office visits for genitourinary-related complaints.''* The 
estimated community-based prevalence of clinical prosta- 
titis is 10% to 16%,'!3!!5 which is of a magnitude similar 
to that of diabetes and ischemic heart disease.'!® Compared 
with BPH and prostate cancer, prostatitis is far more likely 
to affect younger men (18 to 50 years of age). 

From a strict definitional standpoint, prostatitis is inflam- 
mation of the prostate. However, clinical use of the term 
prostatitis is not confined to cases with inflammation. 
Conversely, when histopathologists see inflammation in, for 
example, a prostate needle biopsy, a diagnosis of prostatitis, 
although histologically correct, does not usually correlate 
with the clinical concept of prostatitis (Box 8-2). 

In the 1999 NIH consensus statement, prostatitis and 
prostatitis-like symptoms were classified into four broad cat- 
egories (Table 8-3).'!* This is now the most widely accepted 
classification system. Note that only category IV has a 
tissue-based component in the clinical diagnosis. Category III 
prostatitis, known as chronic prostatitis/chronic pelvic pain 
syndrome, is by far the most common form of prostatitis, 
comprising 90% of all prostatitis cases.''’ These patients 


Table 8-3 m NIH CLASSIFICATION 
OF PROSTATITIS SYNDROMES 


Category | Acute bacterial prostatitis 

Category Il Chronic bacterial prostatitis 

Category III Chronic abacterial prostatitis/chronic pelvic 
pain syndrome 

Category Illa Inflammatory chronic pelvic pain 
syndrome 

Category Illo © Non-inflammatory chronic pelvic pain 
syndrome 

Category IV Asymptomatic inflammatory prostatitis 
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present with pelvic pain localized to the prostate, perineum, 
or urethra, and a variable degree of voiding abnormalities 
such as urinary frequency, and sexual dysfunction.!!* The eti- 
ology is unknown and optimal treatment has not been estab- 
lished.'!8 Acute bacterial prostatitis (category I) (usually due 
to Escherichia coli), is rare, being diagnosed in 0.02% of 
all prostatitis patients and chronic bacterial prostatitis affects 
5% to 10% of patients with chronic prostatitits.''? Acute bac- 
terial prostatitis is usually readily diagnosed clinically by the 
sudden onset of urogenital and often systemic symptoms, 
such as fever, chills, irritative voiding symptoms, and pain 
in the lower back, rectum, and perineum, along with bac- 
teriuria.! Treatment is with systemic antibiotic therapy." 
Patients with chronic bacterial prostatitis (category II), 
in contrast, experience prolonged or recurrent symptoms 
and relapsing bacteriuria. Treatment is more difficult and 
requires selection of an antibiotic with properties that allow 
for penetration into the prostate.'”° Prostate biopsy is contra- 
indicated in patients with acute bacterial prostatitis due to 
the risk of septicemia and prostate biopsy for patients with 
chronic prostatitis/chronic pelvic pain syndrome is currently 
a research tool only.'?! Asymptomatic inflammatory prostati- 
tis (category IV) is an incidental finding of unknown clinical 
significance, except that such inflammation can be associ- 
ated with an elevated serum PSA."?! 


Histologic Acute Inflammation 


An acute inflammatory cell infiltrate made up of neutrophils 
is common in prostatic tissue samples acquired for reasons 
not related to clinical prostatitis. In needle biopsy tissue 
taken to rule out prostate cancer, up to 50% of cases harbor 
acute inflammation,'” while 20% to 98% of transurethral 
and open prostatectomy cases have acute inflammatory infil- 
trates.!?>!"5 Microscopically, the acute inflammation is often 
intraluminal (Fig. 8-29) and varies in extent from a few scat- 
tered neutrophils to microabscesses. Neutrophilic infiltrates 


Figure 8-29 E Intraluminal acute inflammation in a benign 
gland with reactive nuclear atypia, including visible nucleoli. 


in the prostate can be associated with intraluminal necrotic 
debris, duct rupture, and epithelial alterations, especially 
atrophy and hyperplasia. Squamous metaplasia in the prostate 
can also be acutely inflamed, but neoplastic proliferations— 
PIN and carcinoma—rarely exhibit neutrophilic infiltrates. 
The main differential diagnostic difficulty with neutro- 
philic infiltrates is the distinction of reactive, inflammatory 
nuclear atypia from prostatic adenocarcinoma. The diagnos- 
tician should be aware that prominent nucleoli (of >1 um) 
are detectable in almost one-half of cases of acutely inflamed 
atrophy.'° Special studies generally are of limited value in 
assessing histologic acute inflammation of the prostate. The 
one special study that can be diagnostically beneficial is 
immunohistochemical staining to confirm basal cell pres- 
ence (using p63 and/or 348E12 immunostains) in acutely 
inflamed, reactive, benign glands, but this is not usually nec- 
essary. One need not apply histochemical stains for organ- 
isms to sections of prostate with acute inflammation. 


Histologic Chronic Inflammation 


Chronic inflammatory cell infiltrates, consisting of lympho- 
cytes, histiocytes, and plasma cells, are extremely common 
in all types of prostatic tissue samples, being found in the 
majority of needle biopsy and prostatectomy cases, !?!123-124 

Microscopically, several patterns of chronic inflamma- 
tory cell involvement of benign prostatic tissue have been 
described. 417128 Lymphocytic and plasmacytic chronic 
inflammatory cell infiltrates, in contrast to acute inflamma- 
tion, tend to be stromal-based and periglandular. Admixture 
with other inflammatory cell types is common. In tissue 
from the peripheral zone chronic inflammation is often asso- 
ciated with atrophy (Fig. 8-30A and B). 

In hyperplastic TURP tissue, a very common pattern 
seen in 85% of TURP chips is dilated glands containing cell 
debris, foamy macrophages, neutrophils, and pink protein- 
aceous material, associated with surrounding periglandu- 
lar lymphocytes and plasma cells (Fig. 8-31). A second 
highly common arrangement is a periglandular, lympho- 
plasmacytic infiltrate in the absence of intraluminal inflam- 
matory cells. Another morphologic presentation is a more 
diffuse stromal extension by the lymphocytes and plasma 
cells. Lymphoid aggregates and even lymphoid follicles 
(Fig. 8-32) may be seen. In the glandulocentric infiltrates 
of lymphocytes or plasma cells, direct extension of lympho- 
cytes into benign prostatic epithelium commonly occurs, 
sometimes with perilymphocytic clearing that allows for 
recognition of intraepithelial lymphocytes. Scattered single 
lymphocytes can also be noted, especially in nodules of stro- 
mal hyperplasia (stromal nodules). Additionally, perivenular 
lymphocytic cuffs can be observed; it is thought that these 
venules are an avenue of entry for the lymphocytes into the 
prostate gland.!”° 

Mast cells, eosinophils, and macrophages are cell types 
that can also be identified in histologic prostatitis. Mast 
cells are difficult to discover in prostatic tissues without 
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histochemical stains. They increase in number with age! 
but are not associated with any specific disease process. !°°3! 
Eosinophils can nonspecifically accompany other inflamma- 
tory cells in histologic prostatitis (Fig. 8-33). The designa- 
tion of eosinophilic (allergic) prostatitis should be reserved 
for those rare patients with a hypersensitivity disorder (such 
as asthma), peripheral eosinophilia, and large numbers of 
eosinophils admixed with granulomas." Macrophages 
can be found in dilated glands surrounding ruptured ducts 
and acini and in granulomatous prostatitis. 

Benign prostatic epithelium in the setting of chronic his- 
tologic inflammation may display a range of reactive altera- 
tions. Secretory epithelial cells can lose cytoplasmic volume, 
some of the cells become cuboidal instead of columnar, and 
the cytoplasm becomes more dense and eosinophilic rather 
than clear to granular.'**!”? This lends an atrophic appear- 
ance to these glands. Basal cell hyperplasia is often involved 
by lymphocytes.'*”'%* Urothelial metaplasia, nephrogenic 


FiGurReE 8-31 


E Dilated benign prostatic gland with 
band of chronic inflammatory cells. 
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adenoma, and squamous cell metaplasia in the prostate are 
also often associated with inflammation. Reactive nuclear 


atypia in the chronically inflamed epithelium generally is 
mild! and is regularly manifested as crowded, enlarged 
nuclei with small nucleoli. These nucleoli are usually small, 
but in inflamed basal cell hyperplasia and in some inflamed 
atrophic or squamous metaplastic cells larger nucleoli may 
be seen. 

Stromal alterations are less well described in chronic 
prostatic inflammation, but stromal sclerosis can definitely 
occur,! particularly in response to gland rupture. 

Inflammation in the prostate involves neoplastic epithe- 
lium less often than benign epithelium." Rarely is high- 
grade PIN involved by abundant inflammation," whereas 
a minor lymphocytic infiltrate is common in prostatic carci- 
noma.!® Of note, when urothelial carcinoma of the urethra 
or urinary bladder extends into the prostate, it can exhibit an 
exuberant peritumoral inflammatory and sclerotic response. 
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the prostate. 


Benign lymphocytes in the prostate may be mistaken 
for malignant cells of epithelial or hematopoietic types. 
Arrangement of lymphocytes in cords, linear arrays, or sheets 
may cause confusion with high-grade Gleason pattern 4 or 5 
adenocarcinoma, prostatic small cell carcinoma, or lymphoma 
at low magnification. Higher-power examination will allow for 
identification of small bland lymphocytic nuclei. Lymphocytes 
with crush/distortion artifact or thermal damage may on occa- 
sion be difficult to distinguish from carcinoma, especially 
when such distorted lymphocytes are present around nerves 
or at the margin of radical prostatectomy tissue sections. 
Thermal damage at TURP can induce signet ring change in 
benign lymphocytes,'*' mimicking signet ring carcinoma. 


Granulomatous Prostatitis 


Granulomatous prostatitis is a distinctive form of prostatitis 
that can be mistaken for carcinoma clinically,!"“ radio- 
logically (by ultrasound),'*'*° and histopathologically.!”” 
The incidence of granulomatous prostatitis in all prostatic 
samples ranges from 0.4% to 4%, 17478148: The incidence 
in needle biopsy is <1%.'** Most patients are 50 to 70 years 
of age (mean = 62 years; range = 18 to 86 years) and pres- 
ent with irritative or obstructive voiding symptoms, fever, 
and chills. Consistent with this presentation, most patients 
had a urinary tract infection 1 to 8 weeks before diagnosis. 
Clinical concerns for malignancy are raised in granuloma- 
tous prostatitis because of an elevated total serum PSA, a 
low percentage free PSA, hypoechoic lesions on ultrasound, 
and a hard, fixed, indurated prostate gland on digital rectal 
examination, 4.146.148 

Granulomatous prostatitis can be classified based on 
cause (Table 8-4). The most common cause of granulomatous 
prostatitis is so-called nonspecific granulomatous prostatitis, 
which accounts for about three quarters of granulomatous 
prostatitis cases. In needle biopsy, granulomatous prostati- 
tis is categorized as nonspecific in 77% of cases, infectious 


Table 8-4 m GRANULOMATOUS PROSTATITIS: 


CLASSIFICATION 


|. Nonspecific (due to duct/acinar rupture) 
Usual type 
Xanthogranulomatous 
Nodular histiocytic prostatitis 
Xanthoma 
Il. Infectious 
A. Bacterial 
Tuberculosis 
Brucellous 
B. Spirochetal 
Syphilis 
C. Fungal 
Coccidioidomycosis 
Cryptococcosis 
Blastomycosis 
Histoplasmosis 
Paracoccidioidomycosis 
Candidiasis 
Aspergillosis 
D. Parasitic 
Schistosomiasis 
E. Viral 
Herpes zoster 
Ill. Postbiopsy/resection 
IV. Malakoplakia 
V. Systemic granulomatous disease 
Allergic (eosinophilic) 
Sarcoidosis 
Wegener granulomatosis 
VI. Foreign body 
Teflon 
Hair 
Modified from reference Roberts RO, Lieber MM, Bostwick DG, et al. 


A review of clinical and pathological prostatitis syndromes. Urology 
1997;49:809. 


in 18% of cases, and indeterminate in 4% of cases.'** The 
infectious agent here is bacille Calmette-Guerin (BCG), 
used in therapy for urothelial carcinoma. In larger tissue 
samples, postbiopsy and postresection granulomas are more 
common, being diagnosed in 25% of all granulomatous 
prostatitis cases.” The other listed causes of granulomatous 
prostatitis in Table 8-4 are uncommon to rare. 


Nonspecific Granulomatous Prostatitis 


Nonspecific granulomatous prostatitis is termed nonspecific 
because it is not considered secondary to a specific agent 
but rather it is viewed as representing a foreign body-type 
response to prostatic secretions, with associated duct or aci- 
nar rupture.'*'>! Yet some patients have positive urine cul- 
tures (mainly for E. coli), such that some of this response 
may also be caused by bacterial products. Impairment of 
drainage, perhaps secondary to BPH, and infection seem to 
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Figure 8-34 E Nonspecific granulomatous prostatitis that is 
noncaseating with lobular pattern. 


be pathogenetic components.'**!>! The serum PSA is often 
significantly elevated, with a mean of around 13 ng/mL 
(range 0.4 to 114 ng/mL).'481? 

Grossly, nonspecific granulomatous prostatitis appears as 
small, firm, yellow granular nodules.'#* Microscopically, the 
usual type of nonspecific granulomatous prostatitis is a lob- 
ulocentric noncaseating granulomatous inflammatory cell 
infiltrate (Fig. 8-34). The inflammation is centered on ducts 
and glands, which exhibit a variable degree of destruction. 
Liquefactive necrosis has been reported in the center of the 
inflammatory infiltrate," although other series do not allow 
necrosis.'*? Necrosis raises the possibility of specific infec- 
tious granulomatous prostatitis and is not usually seen in 
nonspecific granulomatous prostatitis. The granulomas can 
be focal or diffuse. In needle biopsy, more than one core is 
involved in most cases." The lobulocentricity of the granu- 
lomas can be appreciated in some needle biopsy cases, where 
smaller granulomas are present, but in other cases the granu- 
lomatous inflammation can appear more sheet-like because 
of partial sampling of larger granulomas. In TURP and sim- 
ple prostatectomy tissues, the granulomas can be extremely 
focal, can form a discrete mass, or can be a diffuse spread 
of fused nodules. The cellular infiltrate in usual nonspecific 
granulomatous prostatitis is mixed, with epithelioid histio- 
cytes, lymphocytes, neutrophils, eosinophils, plasma cells, 
and multinucleated giant cells (Fig. 8-35). The giant cells 
can be of foreign body, Langhans, and Touton types.'°? They 
can be difficult to detect in needle biopsies. Lymphocytic 
infiltrates, sometimes with lymphoid follicle formation, sur- 
round the granulomatous nodules. Perinodular stromal fibro- 
sis and scarring can ensue in some cases.!“4 

The spectrum of morphologic abnormalities in nonspecific 
granulomatous prostatitis also includes “xanthogranuloma- 
tous prostatitis,’ “nodular histiocytic prostatitis,’ and “pros- 
tatic xanthoma.” The first two designations are applied when 
the epithelioid histiocytes possess a cleared to vacuolated 
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Figure 8-35 WE Nonspecific granulomatous prostatitis with a 
mixed inflammatory cell infiltrate comprising lymphocytes, plasma 
cells, histiocytes, and multinucleated giant cells. 


cytoplasm (due to lipid accumulation).'**'°° In prostatic 
xanthoma there is a solitary, microscopic aggregate of foamy 
histiocytes (Fig. 8-36).!°”!°8 This is a rare entity that is usu- 
ally an incidental finding in peripheral zone tissues removed 
to evaluate for BPH or carcinoma. Only one patient had 
hyperlipidemia. 

Sheets or cords of epithelioid histiocytes in nonspecific 
granulomatous prostatitis or xanthoma can masquerade as 
poorly differentiated carcinoma or carcinoma with hormonal 
treatment effect.414158 This is particularly problematic 
when histiocytes predominate in nonspecific granuloma- 
tous prostatitis, without significant numbers of giant cells, 
plasma cells, lymphocytes, eosinophils, or neutrophils. Also, 
the epithelioid histiocytes can display prominent nucleoli, 
which can cause concern for malignancy. An immunohisto- 
chemical marker panel can be helpful in defining the dif- 
ferentiation status of the atypical epithelioid cells. Negative 


aggregate of foamy histiocytes. 
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immunoreactions for pan-cytokeratin, PSA, and PSAP, with 
immunopositivity for CD68 and lysozyme in the epithelioid 
cells are useful in establishing a diagnosis of granulomatous 
prostatitis in this context. 147-148158 


Infectious Granulomatous Prostatitis 


Specific infectious types of granulomatous prostatitis include 
bacterial, fungal, parasitic, and viral prostatitis (Table 8-4). 


BCG Granulomatous Prostatitis 


The most common type of infectious granulomatous inflam- 
mation is that due to BCG therapy for urothelial carcinoma 
(usually of the bladder). In fact, every case of infectious gran- 
ulomatous prostatitis in one needle biopsy series was caused 
by BCG treatment.'** Whereas only 10% of men treated with 
intravesical BCG for superficial urinary bladder carcinoma 
develop clinically symptomatic BCG prostatitis,!® a substan- 
tial percentage (80% to 100%) of patients have histologic 
evidence of BCG granulomatous prostatitis.'*"'*' Grossly, 
the cut surfaces of prostate glands in radical cystoprostatec- 
tomies from patients treated with BCG show multiple, firm, 
white nodules or soft, yellowish-gray nodules with granular 
centers, central caseation, and focal cavitation.’ In exceed- 
ingly rare cases abscess formation can occur.'” The large, 
confluent granulomas can measure up to 1.6 cm in greatest 
dimension.' Microscopically the granulomas, particularly 
the larger ones, are of the typical caseating, tuberculoid type 
(Fig. 8-37). Smaller (<1 mm) granulomas composed pre- 
dominantly of histiocytes can lack giant cells and caseous 
necrosis. Indeed, in needle biopsy up to one-quarter of BCG 
granulomatous prostatitis cases lack caseous necrosis.'** The 
smaller granulomas are periglandular (Fig. 8-38), often with 
intraluminal protrusion. With a history of previous BCG treat- 
ment, it is not necessary to stain sections with Ziehl-Neelsen 
for acid-fast organisms. If the stain is performed, 40% to 77% 
of cases demonstrate mycobacteria in the granulomas.!!® 


Figure 8-37 E BCG granulomatous prostatitis with large 
geographic areas of caseating granulomas. 


~ 


Figure 8-38 E BCG granulomatous prostatitis with small 
periglandular epithelioid granuloma without caseation. 


Infectious Granulomatous Prostatitis: 
Non-BCG Types 


Mycobacterial prostatitis due to Mycobacterium tuberculo- 
sis or atypical species is rare,'°*!°* with an incidence of 3% 
of all examples of granulomatous prostatitis.!° The spread 
to the prostate is hematogenous, usually from active pulmo- 
nary disease. The prostate is nodular to palpation. Grossly, 
yellow to grayish-yellow nodules are located in the periph- 
eral zone.!® Larger lesions exhibit caseation, but caseation 
is minimal in the “small yellow tubercle” granulomas.!® 
The granulomas are similar to those in BCG granulomatous 
prostatitis, including lack of caseous necrosis in some exam- 
ples in needle biopsy. Presentation as an incidental finding 
in TURP chips has also been a mode of diagnosis.!* For 
patients without a history of BCG treatment and those in 
whom tuberculosis is clinically suspected, special stains for 
acid-fast bacilli and fungi should be performed. 

Isolated case reports of prostatic brucellosis! and pros- 
tatic syphillis'® indicate that these organisms can also elicit 
a granulomatous prostatitis. 

Fungal, parasitic, and viral granulomatous prostatitis 
due to specific organisms is also rare.!”'” Predisposing 
conditions for prostatic fungal infection include immu- 
nosuppression, prolonged antibiotic use, diabetes mellitus, 
malignancy, and an indwelling bladder catheter.!7718°!! 
Even in disseminated fungal infections, the prostate 
is uncommonly invaded. Fungi detected in the pros- 
tate include Cryptoccocus,!818%183 Paracoccidioides,'*4 
Coccidioides (Fig. 8-39A and B),!!? Histoplasma,'* 
Blastomyces,'*° Candida,'®!"©'" and Aspergillus. Among 
cases of granulomatous prostatitis, fungal granulomatous 
prostatitis accounted for 1 in 200 (0.5%) of cases." In 
patients with the aforementioned predisposing conditions, 
and granulomatous prostatitis or necrotizing granulomas 
in the absence of BCG therapy, special histochemical 
stains for fungal organisms and acid-fast bacilli should be 
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Figure 8-39 E Coccidioides immitis granulomatous prostatitis (A) with spherules highlighted by Gomori methenamine-silver histo- 
chemical stain (B). 


performed. PCR specific for cryptococcal 18S rDNA from 
fixed prostate tissue was performed in one case.'* 

Granulomatous prostatitis due to parasitic infection can 
occur in schistosomiasis. Eggs of Schistosoma (usually hae- 
matobium) are deposited in the prostate of about 20% of 
African men with schistosomiasis, but this rarely gives rise 
to prostate-related symptoms.'7° 

Necrotizing, focally granulomatous prostatitis has been 
reported in two patients in association with herpes zoster 
infection. "* 


Postbiopsy and Postresection Granulomatous 
Prostatitis 


The incidence of this kind of granulomatous prostatitis is 
highly variable, depending on the type of tissue sample. 
Amongst cases of granulomatous prostatitis, the incidence 
in needle biopsy was 0%,'** whereas in another series that 
included TURP chips, the incidence was 25%.'” This is 
so because this granulomatous process tends to be central, 
involving periurethral transition zone tissue, which is readily 
sampled by TURP, as opposed to involvement of the periph- 
eral zone, which is most often the target of needle biopsies. 
Amongst all cases of prostatitis, it made up 7.1%." Patients 
were 51 to 87 years of age and had undergone TURP 7 days 
to 3 years previously.!>!8-1 Two patients had a history of 
needle biopsy of only the prostate.!°° Patients present for 
repeat TURP (or initial TURP in the needle biopsy patients) 
because of persistent prostatitism, urinary obstruction or 
retention, and hematuria. It is noteworthy that TURP does 
not always seem to elicit such a granulomatous response, as 
12 of 23 patients in one repeat TURP series!” did not have 
detectable granulomas, but the possibility remains that with 
additional chip sampling more granulomas might have been 
detected. The basis for the development of post-TURP gran- 
ulomas appears to be a response to altered and cauterized 
prostatic epithelium and stroma, secretions, urine, or even 
metal from the diathermy instruments used for resection.'” 


Grossly, no difference is recognized in chips with or 
without postbiopsy or postresection granulomas.'** Micro- 
scopically, the granulomas assume a variety of shapes, 
including round, ovoid, elongated, stellate, serpiginous, tri- 
angular, slit-like, and rectangular forms (Fig. 8-40). Almost 
all of the granulomas demonstrate a connection with a cau- 
terized TURP chip surface. A common finding is the base of 
a wedge-shaped granuloma at the edge of a TURP chip.!” 
The granulomas measure 0.5 mm to 2 mm!” and are usu- 
ally multiple, with an average of 4 to 5 per case, but can 
be single.!**'°! The granulomas are characterized by a fibri- 
noid central zone and surrounding, palisaded epithelioid 
histiocytes and fibroblasts. A rim of lymphocytes (which 
mark as T cells) is present outside the palisaded cell layer. 
Admixed with the lymphocytes are occasional plasma cells 
and eosinophils. The eosinophils may be numerous if the 
previous TURP was performed earlier than 2 months. !3>!87 
Multinucleated giant cells are observed in some but not 
all cases and are usually of foreign body type but can also 
be of Touton or Langhans types.'?! Occasional giant cells 
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Figure 8-40 E Post-TURP granuloma with central fibrinoid 
necrosis. 
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contain brown pigment related to cautery-induced tissue 
carbonization.'®! Older granulomas exhibit both central and 
peripheral hyalinization. 

Reactive changes often are visualized in epithelium and 
stroma adjacent to postbiopsy TURP granulomas. Prostatic 
glands adjacent to the granulomas may appear compressed 
and reactive with slight to moderate nuclear atypia and small 
nucleoli, but macronucleoli are generally absent. Squamous 
metaplasia can be seen in about one-half of cases.!*! 
Postbiopsy and post-TURP granulomas have been found in 
chips with both BPH and carcinoma. Localized vasculitis 
confined to the prostate has been reported in association with 
a few cases of post-TURP granulomas.'™*!*° 

Postbiopsy and post-TURP granulomas have been misdiag- 
nosed as rheumatoid nodules and as tuberculous granulomatous 
prostatitis. A history of a previous procedure, in conjunction 
with the appearance of a palisading, fibrinoid granuloma, is 
most helpful in establishing the diagnosis of postbiopsy or 
post-TURP granulomatous prostatitis. In this setting it is not 
necessary to stain for organisms. Histochemical stains for 
organisms in these cases have been uniformly negative. Also, 
invariably negative are examinations for birefringent material 
with polarized light. Other types of granulomas are also in the 
differential diagnosis, such as allergic (eosinophilic) granulo- 
matous prostatis and nonspecific granulomatous prostatitis. '7 
The former entity may overlap morphologically with early 
post-TURP granulomas in having numerous eosinophils, but 
allergic granulomatous prostatitis is seen in a different clinical 
context, with a clinical history of a hypersensitivity disorder 
(such as asthma) and a peripheral eosinophilia. Unlike non- 
specific granulomatous prostatitis, postbiopsy and post-TURP 
granulomas are not centered on ducts and acini and also pos- 
sess a striking fibrinoid central zone. 


Malakoplakia 


Malakoplakia uncommonly involves the prostate, with only 
about 30 cases reported to date.'°>? In one review of mala- 
koplakia occurring at all sites, the prostate was primarily 
involved in 10% of all cases.” Although uncommon, mala- 
koplakia, like other forms of granulomatous prostatitis, can 
be misdiagnosed as carcinoma by DRE, transrectal ultrasound 
(TRUS), and histopathologic examination. "7% Patients with 
prostatic malakoplakia usually are in their 60s (range 49 to 85) 
and present with voiding symptoms (dysuria, frequency, uri- 
nary retention) and an enlarged, firm to hard prostate by DRE. 
There is almost always an associated urinary tract infection 
with E. coli. Immunosuppression has been associated with 
malakoplakia in general,” but only two patients with pros- 
tatic malakoplakia were known to be immunosuppressed.70!? 

Grossly, malakoplakia appears as soft, yellowish nod- 
ules in the prostate.’ Resected prostatic chips involved 
by malakoplakia are soft and yellow-brown to gray.” 
Microscopically, there are sheets of macrophages, effacing 
normal prostatic architecture, with smaller numbers of lym- 
phocytes, plasma cells, eosinophils, and neutrophils. The 


macrophages (also known as von Hansemann cells) contain 
round, often concentrically lamellated, basophilic intracyto- 
plasmic inclusions that are 2 to 10 um in diameter. They look 
targetoid, with a central basophilic body surrounded by a 
clear zone. These are the characteristic Michaelis-Gutmann 
bodies that represent calcified bacterial debris within pha- 
golysosomes. These structures can also be extracellular. 

The essential differential diagnostic distinction is the 
separation of malakoplakia from poorly differentiated car- 
cinoma. There are three published cases in which an initial 
diagnosis of carcinoma was rendered. 8% As in other types 
of granulomatous prostatitis, the diffuse growth of epithe- 
lioid histiocytes creates diagnostic difficulty. In one case 
misdiagnosed as clear cell carcinoma, the malakoplakia was 
diffuse and extensive, involving 60% of the TURP chips.?” 
The aforementioned immunohistochemical marker panel of 
pan-cytokeratin, PSA, PSAP, CD68, and lysozyme can also 
be diagnostically beneficial in selected cases. The presence 
of Michaelis-Gutmann bodies distinguishes malakoplakia 
from other types of granulomatous prostatitis. 

Treatment is directed toward control of urinary tract 
infection.” In one patient, failure of control resulted in a 
fatal prostate—rectal fistula.!” Overall, prognosis is related 
to extent of malakoplakia in the urinary tract and especially 
extent of renal involvement.” 


Systemic Granulomatous Disease Affecting 
the Prostate 


Several systemic granulomatous diseases can involve the 
prostate and even present primarily as a prostatic disorder 
(Table 8-4). All of these are uncommon to rare. 

Allergic (eosinophilic) granulomatous prostatitis must be 
clearly defined and distinguished from other types of prosta- 
titis that have eosinophils.'**'**'? The mere finding of eosin- 
ophils, even numerous eosinophils, does not equate with a 
diagnosis of allergic prostatitis. Rather, a histopathologic 
diagnosis of allergic (eosinophilic) granulomatous prostati- 
tis should incorporate clinical findings of a hypersensitivity 
disorder (usually asthma or drug allergy), with or without a 
peripheral eosinophilia. Peripheral eosinophila without doc- 
umented clinical hypersensitivity is not sufficient. Allergic 
(eosinophilic) granulomatous prostatitis is a rare condition, 
with an incidence of 0.06% in 3,600 TURP chip cases. Not 
a single case was diagnosed in 25,852 needle biopsies.’ 
It accounts for 1% of all cases of granulomatous prostati- 
tis. Only a handful of cases have been well documented. "°? 
Microscopically, the prototypical case has central fibrinoid 
necrosis with surrounding, palisaded epithelioid histiocytes 
and numerous eosinophils. No Charcot-Leyden crystals are 
seen. The differential diagnosis of allergic (eosinophilic) 
granulomatous prostatitis mainly includes other types of 
granulomatous prostatitis. Significant numbers of eosino- 
phils can be seen in nonspecific granulomatous prostatitis 
(68% of cases), postbiopsy TURP cases, and less frequently 
in infectious granulomatous prostatitis (12% of cases).'8 
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Sarcoidosis rarely involves the prostate, with only a few 
case reports.”°** The noncaseating granulomas have been 
detected in needle biopsy,” at radical prostatectomy,” 
and at autopsy. 

Wegener granulomatosis usually involves the upper respira- 
tory tract, lungs, and kidneys, but in 2.7% to 7.4% of patients, 
prostatic involvement can occur.**” Prostatic involvement 
at autopsy was seen in 7.4% of all Wegener cases,” but only 
about 20 patients with Wegener granulomatosis have had 
symptoms referable to the prostate gland in the form of symp- 
tomatic prostatitis with urinary frequency, dysuria, hematu- 
ria, lower back pain, or acute urinary retention. Only a few 
patients (n = 10) had these prostatitis symptoms at initial clini- 
cal presentation.?"°” In a few patients localized induration on 
the DRE has caused clinical concern for carcinoma.” Acute 
necrotizing granulomas have been detected in patients with 
prostatic Wegener granulomatosis in needle biopsy, in TURP 
chips, and at autopsy. An important microscopic finding is that 
of vasculitis, and this discovery, in conjunction with the necro- 
tizing granulomas, should prompt a workup for Wegener gran- 
ulomatosis in these rare patients who present with Wegener 
granulmatosis in the prostate. As in other anatomic sites, it is 
important to exclude infectious granulomatous disease before 
diagnosing Wegener granulomatosis, and so performance of 
histochemical stains for organisms is obligatory. 


Foreign Body Granulomatous Prostatitis 


A few examples of specific foreign body granulomatous 
reaction to Teflon (polytetrafluorethylene)?'? and hair?!’ =" 
have been described. Teflon injection has been used to treat 
urinary incontinence, and this can cause prostatic nodularity 
by DRE and elevated serum PSA.” Prostate needle biopsy 
demonstrates an exuberant foreign body giant cell reaction 
to the refractile, irregular fragments of Teflon. With polariza- 
tion, the Teflon is highly birefringent. Detection of a Teflon 
granuloma does not rule out the coexistence of epithelial 
proliferative abnormalities. In one reported case, high-grade 
PIN was found, and in a second there was an associated 
Gleason score 7 adenocarcinoma.’'° Hair granulomas with 
prostatic hair implantation due to long-term catheteriza- 
tion”'' or perineal prostatic biopsy’!? have also been seen. 


Vasculitis 


Inflammation of vessels in the prostate can represent a vas- 
culitis confined to or isolated in the prostate or can represent 
a manifestation of systemic or nonprostatic confined vas- 
culitis. Examples of localized vasculitis include vasculitis 
in post-TURP granulomatous prostatitis, giant cell arteri- 
tis (one case), and isolated nonfibrinoid arteritis in BPH 
(significance unknown). Systemic diseases that can produce 
vasculitis in the prostate include polyarteritis nodosa,”'*?"” 
Wegener granulomatosis, and hypersensitivity disorders 
causing allergic (eosinophilic) granulomatous prostatitis. 
Radiation therapy directed toward the prostate can also result 
in vasculitis in the prostate. 


Infectious Prostatitis: Additional Types 


Additional specific infections of the prostate have been 
reported for both immunocompetent and immunosuppressed 
patients. These include rare cases of prostatic actinomycosis,”"® 
amebic prostatitis,” Pseudomonas pseudomallei prostatitis,” 
and prostatic Echinococcus*'*” in immunocompetent men. 
Microscopically, the prostatic response to these organisms is 
variable. For example, prostatic acute and chronic inflamma- 
tion with fibrosis, granulation tissue, and abscess formation 
(with sulfur granules present) are evident in prostatic acti- 
nomycosis. A chronic, fibrosing prostatitis with eosinophils 
has been reported for echinococcal prostatic infection.” It 
is uncertain how often sexually transmitted infections of the 
prostate by Neisseria gonorrhoeae and human papillomavirus 
occur and whether this is a clinical problem.” 

In immunosuppressed patients, viral, bacterial, fungal, 
and parasitic prostatitis can occur. Most of these reports are of 
patients with acquired immunodeficiency syndrome (AIDS), 
although most cases of cytomegalovirus (CMV) prostatitis 
have been observed in patients undergoing immunosuppres- 
sive therapy following organ transplantation.”* In AIDS, 
patients can experience bacterial prostatitis, with progres- 
sion toward abscess formation.” Opportunistic infectious 
agents that have been reported in the prostates of patients 
with AIDS include CMV, Mycobacterium, Histoplasma, 
Candida, Pneumocystis, adenovirus, and Cryptococcus. 
Cryptococcal organisms may be sequestered in the pros- 
tate of patients with AIDS and thereby act as a reservoir for 
persistent infection.” Microscopically, organisms can be 
identified in expressed prostatic secretions, prostate needle 
biopsy, or prostate glands from postmortem examination. 
The prostatic response to infection in patients with AIDS is 
variable and can be lacking,”’’ or there can be necrosis or 
abscess formation.”8 


Atrophy and Its Variants 


Atrophy in the prostate is a common, age-related process 
that represents one of the benign lesions most often misdi- 
agnosed as carcinoma.** Prostatic atrophy begins at an early 
age and there is an increase in incidence and extent with 
age**’?30: 67% of men aged 19 to 29 have atrophy and this 
increases to nearly 100% for men over 70.7?! In needle 
biopsy, atrophy is an extremely common finding, detectable 
in 90% of peripheral zone biopsies.'** Atrophy in TURP 
chips usually represents cystic atrophy in nodular hyperpla- 
sia. In whole prostate glands, atrophy is principally localized 
to the peripheral zone.” 

The cause of age-related atrophy is unknown. Factors that 
have been invoked include compression by hyperplastic nod- 
ules, inflammation, hormones, obstruction, nutritional defi- 
ciency, and systemic or local ischemia, such as that induced 
by arteriosclerosis.**°**4 Atrophy in the prostate can also be 
caused by treatment, including radiation therapy and andro- 
gen deprivation therapy. 
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CLASSIFICATION OF ATROPHY 


OFTHE PROSTATE 


Simple atrophy 

Simple atrophy with cyst formation 
Partial atrophy 

Postatrophic hyperplasia 


There are no clinical or radiologic features specific for 
atrophy although ultrasound examination may demonstrate 
cystic change that can be cystic atrophy. 

Grossly, atrophy is visible only when there is cyst for- 
mation. Such cystic atrophy can occur in both the transition 
zone in BPH and the peripheral zone. However, atrophy is 
only definable at the light microscopic level, and it is not 
possible to tell macroscopically whether prostatic cysts are 
atrophic or not. These cysts have been termed retention 
cysts**> and impart a sponge-like appearance. Their size can 
range up to 2 cm in greatest diameter.” 

Histologic classification of atrophy is useful for reasons 
of diagnostic awareness and differential diagnosis, but it is 
not absolutely necessary to subtype atrophy because there 
is currently no known clinical significance in doing so. For 
diagnostic recognition and research purposes atrophy may be 
classified as simple atrophy, simple atrophy with cyst forma- 
tion, postatrophic hyperplasia (PAH), and partial atrophy.”*° 
These patterns are often admixed. Sclerotic atrophy and pro- 
liferative atrophy (PA)/proliferative inflammatory atrophy 
(PIA) are also discussed here. The essential, unifying feature 
of all forms of atrophy is reduction of cytoplasmic volume of 
luminal epithelial cells (Box 8-3). 


Simple Atrophy 


Simple atrophy can be found in the peripheral zone with or 
without cyst formation. This is the most common type of 
atrophy, occurring in 89% of prostates with atrophy, some- 
times alone and sometimes in combination with other types 
of atrophy.” Simple atrophy is most often seen in combi- 
nation with PAH (hyperplastic atrophy) and sclerotic atro- 
phy.”° Microscopically, atrophy can be focal, involving just 
a few lobules, or it can involve virtually the entire periph- 
eral zone. Simple acinar atrophy usually involves an entire 
lobule, with retention of a lobular architecture (Fig. 8-41). 
In noncystic atrophy there are aggregates of small dark 
acini with open lumens. The acini are rounded to angular in 
shape and are not crowded. Atrophic ducts ramifying into 
atrophic acini can be noted. Corpora amylacea are com- 
mon in atrophic glands but crystalloids and intraluminal 
wispy blue mucin are decidedly uncommon. The stroma 
in the lobule is often altered with pale fibrosis and some- 
times with a thickening of periacinar collagen (Fig. 8-42).?* 
Sclerosis around ducts can be marked (Fig. 8-43). Acute 
inflammation (of a moderate to severe grade) is observed 
in 15% of simple atrophy cases, whereas moderate to severe 
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Figure 8-41 E Simple atrophy, with a lobular configuration. 
Compare scant cytoplasm in atrophy versus adjacent benign non- 
atrophic glands where the luminal cells have a moderate amount of 
cytoplasm. 


chronic inflammation is seen in 30% of cases (Fig. 8-44).!”° 
The luminal epithelial cells in the atrophic foci are cuboidal 
(Fig. 8-45) to flattened (Fig. 8-46) and have a high nuclear/ 
cytoplasmic ratio. The nuclei are typically not enlarged but are 
often deeply staining, with condensed chromatin. However, 
nuclear atypia can be seen (Fig. 8-47), with prominent 
(>1 um) nucleoli detectable in a minority of cases.!”° 

In needle biopsy, simple atrophy is eye-catching because 
it is often characterized by a haphazard distribution of small 
glands (Fig. 8-48). At higher magnifications, the small acini 
are seen to have distorted and angulated outer contours. This 
appearance, along with the stromal fibrosis of the atrophic 
lobule, and even chain-like (Fig. 8-47) and cord-like struc- 
tures (Fig. 8-49) simulate an infiltrative process. 


Simple Atrophy with Cystic Change 


Cystic change in simple atrophy is a fairly common alteration, 
with gland size varying from mild dilatation to medium sized 
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Figure 8-42 E Atrophy with adjacent sclerotic stroma. 
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Figure 8-43 E Atrophic prostatic Figure 8-46 WE Atrophy with marked cytoplasmic volume 
sclerosis. loss and nuclear flattening. 
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Figure 8-47 W Atrophy with chain-like appearance and 
nuclear atypia with nuclear enlargement and nucleoli. 
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Figure 8-45 W Atrophy with cytoplasmic volume loss. Figure 8-48 WE Atrophy with irregular distribution of small 
acini. 
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Figure 8-49 E Atrophy with cord-like structures. 


to larger cysts (Fig. 8-50), including the aforementioned 2-cm 
cysts. The epithelium and nuclei in these glands are markedly 
flattened. In the peripheral zone, a lobular arrangement of 
the cystically dilated, atrophic glands is sometimes evident, 
but with distortion the cystic, atrophic glands appear haphaz- 
ardly arranged. Glands with cystic atrophy can masquerade 
as vessels. Simple cystic atrophy can also occur in areas of 
nodular hyperplasia in the transition zone (Fig. 8-51), where 
a flattened, atrophic-appearing epithelium can be found in 
nodules of usual epithelial and stromal hyperplasia. 


Sclerotic Atrophy 


Sclerotic atrophy is a frequently detected type of peripheral 
zone atrophy, having been found in 74% of cases of atro- 
phy in the whole gland.” Like simple atrophy, it is usually 
admixed with other types of atrophy, and only 11% of atro- 
phy cases consisted of pure sclerotic atrophy.”° This form 
of atrophy is remarkable for the lobular acinar disarray due 
to exuberant fibrosis. Accompanying chronic inflammation 
with often large collections of lymphocytes and histiocytes 
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Figure 8-50 W Cystic change in atrophy. 


can be present. The acinar distortion and angulation in a 
background of stromal sclerosis can produce an infiltrative 
appearance (Fig. 8-52), especially in needle biopsy. Such an 
image may be highly alarming in needle biopsy, where lobu- 
lar arrangements may be difficult or impossible to visualize. 
Yet, cytologically, the lining cells are small and bland; basal 
cells can be identified in some glands but not in all, owing to 
nuclear compression and crowding. 


Partial Atrophy 


Partial atrophy is a variant of atrophy in which the atro- 
phic glands have relatively scant cytoplasm, but the glands 
appear as a crowded collection of pale glands rather than 
dark glands (Fig. 8-53).73”73 In many needle biopsies with 
partial atrophy, fully developed atrophy is also present.””7** 
In about one-third of cases there is a disorganized rather than 
circumscribed growth pattern.” Unlike other types of atro- 
phy, stromal sclerosis is generally lacking and inflammation 
is rarely detected.” The glandular outlines in partial atro- 
phy vary from straight luminal borders to more undulating 


= a < =) 4 iss f Ahi 
Figure 8-52 W Sclerotic atrophy simulating an infiltrative 
process. 
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Figure 8-53 W Partial atrophy in needle biopsy tissue. 


luminal surfaces and papillary projections. A stellate shape 
is assumed by some glands (Fig. 8-54). Intraluminal pale 
amorphous debris was observed in 33% of cases but intralu- 
minal wispy blue mucin (blue-tinged mucinous secretions) 
and crystalloids, which are more often present in malignant 
than in benign glands, are not seen.” Nuclear/cytoplas- 
mic ratios are 1:2 for most constituent epithelial cells, com- 
pared with 1:1 for fully developed atrophy. The nuclei of 
these cells are often abnormal, with an elongated, cylindrical 
shape (Fig. 8-55) and with nuclear and nucleolar enlarge- 
ment in 15% to 25% of cases.””*"* The enlarged nucleoli did 
not, however, assume the size seen in some prostatic adeno- 
carcinomas™® and specifically, none were macronucleoli, 
defined as nucleoli easily seen at 10x magnification.”*” 


Postatrophic Hyperplasia 


PAH was originally felt to represent atrophic prostatic epi- 
thelium that underwent hyperplasia.” Accordingly, another 
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Figure 8-55 W Partial atrophy with nuclear elongation in 
some of the cells. 


term that has been used for PAH is hyperplastic atrophy.” 
(Of course, it is impossible to prove that this process is atrophy 
in hyperplastic acini or hyperplasia in atrophy.) Subtyping 
into categories of lobular hyperplasia and sclerotic atrophy 
with hyperplasia (postsclerotic hyperplasia) was proposed?” 
but has not been routinely applied. PAH has an incidence of 
2% to 4% in needle biopsy cases?™ and 13% to 78% in whole 
prostate glands.” Most (about 90% of) foci are identi- 
fied in the peripheral zone,™!?® and this type of atrophy is 
always found admixed with another type of atrophy (usually 
simple).”*° In addition, PAH is multicentric in 16% of needle 
biopsy cases’ and in 44% of whole glands.” 
Microscopically, PAH has a lobular outline, with a central 
duct surrounded by small, fairly regular, and closely packed 
acini (Fig. 8-56). The central “feeder” duct can show some 
slight cystic change and has a low, atrophic epithelium. The 
surrounding, clustered acini number from about 10 to 20 
(with a range of 5 to 88) and appear to bud from the cen- 
tral duct.” The acini are mainly small and oval to round, 
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Figure 8-56 W Post-atrophic hyperplasia with lobular 
arrangement of crowded small acini. 
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FIGURE 
enlargement and several visible nucleoli. 


but there is variability in size and shape; a minority of acini 
show cystic change and round, oval, elongated, slit-like, and 
stellate glands may be observed.” The acinar epithelium is 
low cuboidal, and the luminal epithelial cell nuclei are mildly 
enlarged with fine, granular chromatin and small nucleoli 
(Fig. 8-57). Prominent (>1 um) nucleoli can be noted 
in up to 26% of PAH cases, particularly when acute inflam- 
mation is present.'”° The tinctorial character of the luminal 
cell cytoplasm is often condensed and basophilic but can be 
eosinophilic, finely granular, and clear. Basal cells can usu- 
ally be seen in PAH using H&E-stained sections, although, as 
for other forms of atrophy, their detection becomes difficult 
(or impossible) when epithelial cell flattening occurs. Basal 
cells are highlighted in all foci with use of 34BE12 high- 
molecular-weight cytokeratin or p63 immunostains, although 
it is important to note that in about one-quarter of cases, occa- 
sional glands will lack any staining at all.”® Intracytoplasmic 
blue mucin representing mucinous metaplasia can be found 
in PAH foci. Basal cell hyperplasia has also been seen in 
PAH, as has transitional cell (urothelial) metaplasia. Stromal 
alterations occur commonly in PAH and vary from smooth 
muscle atrophy to dense sclerosis*” and elastosis.*“* In nee- 
dle biopsy, lobules of PAH may be sampled nearly in toto or 
partially (Fig. 8-58). Without such lobularity, these crowded 
glands can be mistaken for adenocarcinoma (Fig. 8-59). PAH 
contains moderate to severe acute and chronic inflammatory 
cell infiltrates in about one-third of needle biopsy cases.'”° In 
the whole gland, PAH displays associated chronic inflamma- 
tion in 43% to 88% of foci.44!8 


Proliferative Atrophy/Proliferative 
Inflammatory Atrophy 


PA and PIA refer to forms of atrophy with an increased pro- 
liferation index relative to normal epithelium. The use of 
these terms is currently considered optional.” Several of 
the above-discussed histologic types of atrophy, including 


Figure 8-58 W Post-atrophic hyperplasia in needle biopsy 
tissue, with crowded small acini in partially sampled lobules. 


simple atrophy and PAH, can represent PA or PIA,” but 
this is difficult to ascertain in each individual case based on 
examination of H&E-stained sections alone, without perfor- 
mance of MIB-1 immunostaining. 

PIA was originally forwarded as a regenerative lesion 
that was a potential precursor to PIN and carcinoma.”*° The 
hypothesis that carcinogenesis (and possibly atrophy) in the 
prostate might be related to oxidative damage secondary to 
inflammation™>* is intriguing and warrants further inves- 
tigation. Diagnosis of isolated PA or PIA in prostate tissue 
from needle biopsy or transurethral resection has not been 
shown to be a risk factor for the subsequent detection of car- 
cinoma of the prostate. 


Ancillary and Special Studies in Atrophy 


Immunohistochemical stains for basal cells and AMACR 
can be misleading when applied to foci of atrophy since the 
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Figure 8-59 W Post-atrophic hyperplasia in small tissue 
fragment. This case had been misdiagnosed as adenocarcinoma. 
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tochemical staining (brown chromogen) and AMACR overexpression (red chromogen) (B). 


immunoprofile can overlap with that of carcinoma. Specifically, 
atrophy often displays a patchy or fragmented basal cell layer 
and scattered atrophic glands can be completely negative for 
34BE12 and p63 basal cell immunostains in 6% to 23% of 
cases?3740.247.248 (Fig, 8-60). Also, AMACR can be positive in 
4% of all atrophy cases” and 10% to 79% of partial atrophy 
cases, 76738239.48 In one study, a cocktail immunostain consist- 
ing of 34BE12, p63, and AMACR antibodies demonstrated 
a cancer-like immunoreactivity pattern (p63, 34BE12°, 
AMACR’) in 24% of cases of partial atrophy (Fig. 8-60).”8 

Molecular and genetic abnormalities have been demon- 
strated in some cases of atrophy compared to nonatrophic 
benign prostatic epithelium, but none are used diagnostically. 
These abnormalities include reduced Nkx3.1** and p27Kip1** 
expression; overexpression of cyclooxygenase-2,7°° bel-2,”* 
GSTP1,** p53,*°! and p16”; gains of 8q24°°? and chromo- 
some X**; and an increased proliferation index that is 2 to 
11 times that of nonatrophic benign glands.!?°437452> Gene 
expression profiling of atrophy has identified differentially 
expressed genes in atrophy compared to normal prostatic epi- 
thelium, PIN, and carcinoma,” including cytoglobin, which 
is a stress response hemoprotein, related to oxidative dam- 
age. Many of the above-cited molecular abnormalities have 
been found specifically in PA. TMPRSS2-ERG gene fusion, 
a common molecular abnormality in prostatic carcinoma, has 
not been identified in atrophy (PIA).”*’ 


Differential Diagnosis of Atrophy 


The differential diagnosis of benign prostatic atrophy ver- 
sus prostatic adenocarcinoma is one of the most impor- 
tant in diagnostic surgical pathology of the prostate. The 
differential distinction of prostatic atrophy and carcinoma 
should rely on a constellation of light microscopic findings 


(Table 8-5). One should be cognizant, as noted above, of 
the diagnostic traps that exist with basal cell and AMACR 
immunostains. Finally, prostatic adenocarcinoma with atro- 
phic features,” including atrophic and microcystic fea- 
tures,”° is in the differential diagnosis with benign atrophy. 
Atrophic change can occur in both treated and untreated 
prostatic adenocarcinoma. The absence of infiltrative 
growth, macronucleoli, and nucleomegaly and the presence 
of basal cells are factors with the greatest power in diagnos- 
ing benign atrophy.”** Cystic change can be seen in both 
benign atrophy and the uncommon microcystic adenocarci- 
noma of the prostate.?°° 


Clinical Significance and Reporting of Atrophy 


The histopathologic identification of atrophy in prostate 
needle core tissue is not associated with an increased risk 
of subsequent detection of prostate cancer,’ so currently, 
reporting of atrophy in any prostatic tissue sample is not 
necessary. 


Metaplasia 


Metaplasia, or change in cell type, can affect benign pros- 
tatic epithelium or prostatic urethral urothelium. Metaplastic 
change is usually secondary to inflammation, alteration in 
the hormonal milieu, or injury. Metaplasia can also occur as a 
result of therapy, such as hormonal therapy, radiation therapy, 
TURP, and cryosurgery. Four major categories of prostatic 
glandular cell metaplasia are presented here: squamous cell 
metaplasia, urothelial metaplasia, mucinous metaplasia, and 
Paneth cell-like and eosinophilic metaplasia. The diagnostic 
significance of metaplasia resides in its pseudoneoplastic sta- 
tus. That is, it is possible to mistake some forms of metaplasia 
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Table 8-5 


Histologic Feature 


Atrophy 


DIFFERENTIAL DIAGNOSIS OF ATROPHY VERSUS ADENOCARCINOMA 


Adenocarcinoma 


Architecture 


Low-power image 


Luminal cell nuclei 
Luminal cell cytoplasm 
Apoptotic bodies 
Basal cells 

H&E 


34BE12 and/or p63 
IHC$ 


Luminal contents 
Corpora amylacea 
Crystalloids 
Wispy blue mucin 

Stromal response 
Sclerosis 
Inflammation 

AMACR* IHC 


Lobular or disordered 


Clusters of dark, small, acini 


Typically slightly enlarged with small nucleoli 
Scanty to minimal, basophilic to cleared* 
Rare 


Present, but may be inconspicuous 


Usually continuous, occasionally fragmented, 
absent in scattered glands 


Common 
Rare 
Rare 


Present 
Common 
Positive in a minority, especially partial atrophy 


Infiltrative (except for circumscribed, well- 
differentiated, Gleason score 2—4 carcinomas) 


Low grade”: aggregate of pale, small acini 
Intermediate grade": haphazardly arranged 
single, separate small glands 


Nucleomegaly and nucleolomegaly 
Moderate amount, cleared to amphophilic 
Present in one-third of cases 


Absent 
Absent 


Uncommon 
May be present 
May be present 


Variable, usually absent 
Uncommon 
Positive in 90% of cases 


“Low-grade carcinoma, well differentiated; Gleason score, 2-4. 


"Intermediate-grade carcinoma, moderately differentiated; Gleason score, 5-6. 


*Cytoplasm is cleared in partial atrophy. 
(HC, immunohistochemistry. 
AMACR, alpha methylacyl CoA racemase (P5045). 


for neoplastic growth. These metaplastic proliferations are 
not precursors for prostatic carcinoma and do not constitute 
a risk factor for detection of carcinoma. 


Squamous Cell Metaplasia 


The most common clinical settings for the occurrence of 
squamous cell metaplasia in the nontreated prostate are pros- 
tatitis and BPH. Histologically, squamous cell metaplasia is 
most often an incidental finding associated with inflamma- 
tion and infarction in BPH nodules. Inflammation and BPH, 
with or without infarction, can elevate serum PSA levels and 
prompt needle biopsy, leading to detection of squamous cell 
metaplasia. The incidence of squamous cell metaplasia var- 
ies from 5% to 94%, depending on the type of tissue sample 
and the clinical and histologic context.?°'*® The incidence in 
core needle biopsies is 5%, and the highest incidence is in 
the setting of BPH with infarction, where the incidence var- 
ies from 37% to 94%. 

Treatment generally produces a higher incidence of squa- 
mous cell metaplasia than in nontreated glands, with the 
exception of infarcts. Surgical, medical (androgen depriva- 
tion), and radiation treatments can all induce squamous cell 
metaplasia.?”°’8 For patients who underwent repeat TURP 
for BPH, 52% had a squamous cell metaplastic epithelium 
in the second set of TURP chips,” and squamous cell meta- 
plasia was noted in 21% to 23% of needle biopsies after 
cryosurgery.”/!?75 


Squamous cell metaplastic epithelium in the prostate 
is not grossly evident.” Microscopically, the presence of 
small, solid nests with admixed inflammation is one low- 
magnification clue to the presence of squamous cell meta- 
plasia. This is usually a focal finding unless the patient has 
been treated. Glands may be partially or completely involved 
by squamous cell metaplasia (Fig. 8-61). Sometimes only 
a small glandular lumen persists. The involved glands can 
be atrophic. At higher-power scrutiny, intercellular bridges 
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Figure 8-61 Œ Squamous metaplasia of the prostate with 
complete and partial gland involvement. 
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Figure 8-62 E Squamous metaplasia adjacent to prostatic 
infarct. 


and an eosinophilic, squamoid cytoplasm are indicators of 
squamous cell metaplasia. So-called immature squamous 
cell metaplasia has much less squamoid cytoplasm. Keratin 
pearls can be found but are unusual.” Squamous cell meta- 
plasia can also be found lining large, central prostatic ducts 
containing stones and cellular debris. 

Squamous cell metaplasia associated with infarcts is first 
seen at about 4 days as a reactive rim immediately adjacent 
to infarcted hyperplasic tissue. Here the metaplastic epithe- 
lium is arranged as irregularly shaped, solid islands, par- 
tially involved glands, nests with central degenerated cells, 
and distorted groups (Fig. 8-62). The cells are polygonal and 
often pavemented, with distinct intercellular borders. The 
cytoplasm is acidophilic or vacuolated, with large nuclei. 
True macronucleoli can be seen (Fig. 8-63), along with squa- 
mous cell cytologic atypia and mitotic figures. With healing, 
the necrotic tissue is replaced by fibrous tissue, which can 
contain persistent solid or acinar nests of metaplastic cells.** 
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Figure 8-63 Œ Squamous metaplasia nest with nuclear 
atypia, next to infarct. 


Figure 8-64 WE Squamous metaplasia with glycogenated 
cytoplasm, postestrogen therapy. 
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Squamous cell metaplasia induced by radiation and 
hormonal therapy is often of the immature type,?”’?” with 
less abundant, nonglycogenated cytoplasm, larger nuclei, 
and absence of keratinization. An exception to this is use 
of estrogen as hormonal therapy (a common form of pros- 
tate cancer therapy in the past), which can cause diffuse 
squamous cell metaplasia with glycogenated cytoplasm and 
small, shrunken nuclei (Fig. 8-64).?°?” Prostatic urethral 
urothelium and prostatic ducts and acini can all be involved 
by such glycogenated mature squamous cell metaplasia. 
Previous needle biopsy can induce a squamous cell meta- 
plastic response in glands entrapped or immediately adjacent 
to the fibrous needle track (Box 8-4). 

The differential diagnosis of squamous cell metaplasia 
centers on carcinoma, and mainly squamous cell carcinoma. 
Squamous cell carcinoma does occur in the prostate, but it is 
rare and should be diagnosed with caution. Diagnostic dif- 
ficulties arise if reactive, metaplastic squamous epithelium 
is viewed out of context. Therefore, if inflammation or an 
adjacent infarct is ignored and reactive, metaplastic squa- 
mous epithelium is studied at high-power magnification, the 
reactive, nuclear atypia could be misinterpreted as evidence 
of malignancy. Architecturally, the nests of metaplastic 
squamous epithelium adjacent to infarcts or TURP sites may 
appear to be arranged in a disordered way (Fig. 8-65), but 
infiltration into tissue surrounding the reactive rim does not 


Box 8-4 @ CAUSES OF SQUAMOUS 


METAPLASIA INTHE PROSTATE 


Inflammation 

Infarction 
Post-biopsy/transurethral resection 
Radiation therapy 

Cryosurgery 

Androgen deprivation therapy 
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Figure 8-65 E Squamous metaplasia in fibrotic stroma, with 
pseudoinfiltrative appearance, adjacent to a previous TURP site. 


occur.”® Also, the individual metaplastic cells do not show 
anaplasia, hyperchromatism, or abnormal mitotic figures.” 
Prominent nucleoli in this situation should not be miscon- 
strued as evidence of malignancy. In the framework of treat- 
ment effect, there is even a greater diagnostic conundrum 
because glandular disarray, squamous epithelial cell cyto- 
logic atypia, and fibrosis can be found. For example, inter- 
pretation of prostate needle biopsies after radiation therapy 
can be difficult because almost every case with squamous 
cell metaplasia had cytologic atypia.” Immunohistohemical 
evaluation using 34BE12 and AMACR immunostains?™ 6280.281 
can be invaluable in difficult cases to confirm the presence 
of immature squamous cell metaplasia in these patients after 
radiation treatment. Other special studies are not of diagnos- 
tic relevance. 


Urothelial Metaplasia 


Urothelial cells normally line the prostatic urethra and 
extend for a variable distance into the main prostatic ducts.” 
Because of this variability, there can be difficulty in deter- 
mining whether a urothelial proliferation represents a varia- 
tion of normal anatomy or a metaplastic process. There is a 
wide variation in the reported incidence of transitional cell 
metaplasia, from 3% to 34%,.7%883 The development of 
urothelial metaplasia may be related to epithelial damage or 
androgen deprivation because about one-third of cases are 
associated with inflammation,” and urothelial metaplasia has 
been detected adjacent to infarcts,” after cryosurgery,”’! and 
after androgen deprivation hormonal therapy.” No clinical 
or radiologic findings are specific for urothelial metaplasia. 
It is usually a focal, incidental histologic finding. It has a low 
proliferation index of 0.3%? and no premalignant potential. 

Histologically, usually only a few glands are involved in 
a single focus, but extent ranges from partial gland involve- 
ment (Fig. 8-66) to more florid gland involvement (Fig. 8-67). 
At low magnification the glands stand out because they 


involvement. 


are hypercellular and appear dark. Small, solid nests are 
commonly noted, but often there is preservation of a small 
central lumen (Fig. 8-68). The glands exhibit proliferation of 
elongated cells beneath a bland-appearing luminal secretory 
cell layer. The nuclei are elongated and are arranged perpen- 
dicular to the basal membrane. Because of the elongation 
and stratification, the cells can appear to stream toward the 
luminal surface. At high power, the elongated nuclei have 
frequent nuclear grooves, and the faint eosinophilic cyto- 
plasm exhibits frequent perinuclear clearing.’ The nuclei 
are cytologically small and bland, with inconspicuous nucle- 
oli and little to no mitotic activity. 

The most important entity in the differential diagnosis is 
PIN. High-grade PIN does not, in contrast, exhibit solid cell 
nests, and does show appreciable nuclear atypia. The other 
neoplastic proliferation in the differential diagnosis is urothe- 
lial carcinoma, but most urothelial carcinomas that involve 
the prostate are cytologically high-grade and are unlikely to 
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othelial metaplasia, extensive. 
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Figure 8-68 W Urothelial metaplasia, with partial gland 
involvement. One gland shows preservation of a small central 
lumen lined by secretory cells. 


be mistaken for urothelial metaplasia. Basal cell hyperplasia 
and squamous cell metaplasia could also be confused with 
transitional cell metaplasia, but basal cell hyperplasia nuclei 
are typified by a rounded profile and lack nuclear grooves. 
The cells of squamous cell metaplasia can have distinct inter- 
cellular borders, as do the cells in urothelial metaplasia, but 
in squamous cell metaplasia there are intercellular bridges, 
and the cells have a more densely eosinophilic cytoplasm 
without perinuclear clearing. On occasion, urothelial meta- 
plasia can merge with squamous cell metaplasia or basal cell 
hyperplasia. Special studies are not indicated in the evalua- 
tion of transitional cell metaplasia. 


Mucinous Metaplasia 


Mucinous metaplasia, which has also been called mucous 
gland metaplasia, may be defined as the replacement of 
usual benign luminal epithelium by benign mucin-secreting 
cells. This alteration most often refers to cellular 
changes detected with H&E-stained sections, but some have 
used histochemical staining for intracytoplasmic mucin to 
define mucinous metaplasia.*** Mucin production by benign 
prostatic luminal epithelial cells is common when histo- 
chemical methods are used to detect it.?°°?*? This mucin is 
predominantly neutral and can be highlighted with a PAS 
stain, with prior diastase digestion. Mucinous metaplasia is 
uncommon in benign glands by H&E staining, with an inci- 
dence of 1% to 8%.7*>*8’ No specific clinical or radiologic 
features are associated with mucinous metaplasia. Mucinous 
metaplasia has no known premalignant potential. Mucinous 
PIN and mucinous carcinoma of the prostate do not have a 
reported association with mucinous metaplasia.*”””! Finally, 
mucinous metaplasia occurred with equal frequency in 
needle biopsies with and without carcinoma,” and this also 
points to a lack of association with malignancy. 

Mucinous metaplasia is a focal, incidental histologic 
finding. It can be located centrally or peripherally.” 


Figure 8-69 Œ Mucinous metaplasia in a small cluster of 
glands. 


Microscopically, the metaplastic cells are grouped in clusters 
of 5 to 10 (Fig. 8-69), although occasionally individual, iso- 
lated glands or cells can be found.” Rare foci are extensive, 
with only a few examples >1 mm?. The constituent cells are 
cuboidal to tall and columnar, with a cytoplasm filled with 
bluish mucin (Fig. 8-70). A suggestion of goblet cell-like 
vacuolization may be seen in a few cells, but mostly the 
cytoplasm has a diffuse granular blue character. Rarely, this 
mucin is released into the glandular lumen. The nuclei of 
the metaplastic cells are small, dark, and basally situated. 
Mucinous metaplasia is most often found in a background 
of atrophy, including both sclerotic and PAH types, urothe- 
lial metaplasia, usual epithelial hyperplasia, and basal cell 
hyperplasia. Basal cells usually are seen easily, although 
difficulty may arise because of the basal distribution of the 
nuclei of the metaplastic cells. 

Special stains are not usually needed to diagnose mucinous 
metaplasia. The mucin is of mixed neutral and acidic types, 


Figure 8-70 Œ Mucinous metaplasia characterized by intra- 
cytoplasmic mucin granules. 
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as indicated by positive PAS and Alcian blue (pH 2.5) stains, 
respectively. These mucinous cells are nonreactive, using anti- 
bodies directed against PSA and PSAP*4887 An intact basal 
cell layer can be confirmed by 34BE12 or p63 immunostains. 
The entity of greatest import in the differential diagno- 
sis is adenocarcinoma, although intracytoplasmic mucin, as 
identified on H&E staining, is rare in prostatic adenocarci- 
noma. Mucinous adenocarcinoma is not in the differential 
diagnosis because a substantial volume (at least 25%) of 
such tumors is made up of extracellular lakes of mucin with 
embedded tumor cells. Extracellular, stromal-based lakes 
of mucin are not seen in mucinous metaplasia. Mucinous 
high-grade PIN is not a prominent consideration because 
the mucin in these glands is intraluminal rather than intra- 
cytoplasmic,””' and because the high-grade PIN nuclei are 
atypical, with nucleomegaly and nucleolomegaly, unlike 
mucinous metaplasia. Finally, the epithelium that muci- 
nous metaplasia most resembles is that of Cowper glands, 
which differ in being mucinous glands in a complete lob- 
ule, often with a central feeder duct and surrounding skeletal 
muscle. Cowper glands are not seen against a background of 
hyperplasia, atrophy, or urothelial metaplasia, as mucinous 
metaplasia can be. The lectin-binding profile of mucinous 
metaplasia differs from that of Cowper glands,?*’ but such 
lectin histochemical stains are not needed because this dif- 
ferential is best addressed with H&E-stained sections. 


Eosinophilic Metaplasia and Paneth Cell-Like 
Change 


This cellular alteration is characterized by the presence of 
large, cytoplasmic, eosinophilic granules. This cytoplasmic 
granularity seems to result from several different processes. It 
has been proposed that the basis for this morphologic appear- 
ance may depend on the nature of epithelial proliferation.?” >” 
Thus, in benign epithelium it may be caused by exocrine dif- 
ferentiation with lysosome-like granules,” whereas in 
PIN and carcinoma the granules appear to reflect neuroendo- 
crine differentiation.*”°?°* Accordingly, for Paneth cell-like 
change in prostatic adenocarcinoma, the name “neuroendo- 
crine cells with large eosinophilic granules” has been pro- 
posed. Eosinophilic metaplasia is the designation for benign 
epithelium with large eosinophilic granules (Fig. 8-71). 
The incidence of eosinophilic granules in benign prostatic 
epithelium ranges from 0% to 23%.**?5"°! These supranu- 
clear eosinophilic granules are more commonly seen in pros- 
tatic ductal epithelium than in acinar epithelium. Epithelial 
involvement is usually focal and is associated with variable 
degrees of chronic inflammation and atrophy.*”! The granules 
are PAS positive, diastase-resistant, and immunopositive for 
PSA, PSAP, lysozyme, and o-1 antichymotrypsin while fail- 
ing to stain for chromogranin, serotonin, and neuron-specific 
enolase by immunohistochemistry. Exocrine-like granules 
400 to 690 nm in diameter have been observed by electron 
microscopy. After androgen deprivation therapy, Paneth cell- 
like change is uncommon,” whereas these cells were found 
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Figure 8-71 W Eosinophilic metaplasia in benign glands 
with intracytoplasmic brightly eosinophilic granules. 


in 32% of postradiation biopsies and were always found in 
benign epithelium.” In the latter posttherapy setting, 
this cellular change indicates neuroendocrine differentia- 
tion rather than exocrine secretory granules because almost 
all cells are chromogranin positive and lysozyme negative in 
immunohistochemistry. 

The differential diagnosis of eosinophilic granules in 
benign prostatic epithelium centers on the distinction from 
high-grade PIN and adenocarcinoma with neuroendocrine 
cells with large eosinophilic granules. The granules are seen 
in 15% of prostatic adenocarcinomas.”” This intracytoplas- 
mic pigment should also be distinguished from other pros- 
tatic cytoplasmic inclusions, such as lipofuscin pigment and 
viral inclusions. 


Nephrogenic Adenoma 


Nephrogenic adenoma is a benign lesion of the urinary tract 
that occurs in a setting of damage to the urothelium such 
as that secondary to surgery, trauma, mechanical irritation, 
inflammation, and calculi.” For a long time it was consid- 
ered a metaplasia of urothelium, although more recently 
it has been shown that, at least for transplant patients, the 
constituent cells originated from detached renal tubular epi- 
thelial cells that implanted at sites of urinary tract injury. 
Nephrogenic metaplasia/adenoma is most common in the 
urinary bladder, with 4% of all cases found in the prostatic 
urethra. About 70 cases of nephrogenic metaplasia/ade- 
noma in the prostatic urethra have been reported.*”°*” It is 
discussed in this chapter since nephrogenic adenoma arising 
in the prostatic urethra extends into smooth muscle and the 
prostate in 60% of cases.°% 

Typically, men in their 60s or 70s (range 44 to 79) pres- 
ent 1.5 to 10 years after TURP with hematuria and urinary 
obstruction.” At cystoscopy/urethroscopy papillary ure- 
thral lesions can be visualized. In other cases nephrogenic 
adenoma is an incidental finding. The lesions tend to be 
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Figure 8-72 W Nephrogenic adenoma of prostatic urethra 
with small tubules containing intraluminal blue mucin. 


small with a mean size of 3 mm (range 1 to 9 mm)?”"; rarely 
they are quite large, with one lesion measuring 7.8 cm.*"’ 
Microscopically, the classical patterns of growth are tubu- 
lar (Fig. 8-72), tubulocystic, and papillary/polypoid2” In 
the prostatic urethra the most common pattern is tubular, 
followed by a vascular-like pattern.*!° The tubules are usu- 
ally small, solid to hollow and are lined by cuboidal epi- 
thelium with eosinophilic to cleared cytoplasm. There may 
be intraluminal eosinophilic secretions imparting a thyroid- 
like look (“thyroidization”) and intraluminal blue mucin 
(Fig. 8-72). Thick hyalinized peritubular sheaths may be 
noted. Cells lining the vessel-like spaces may be flattened 
or assume a hobnail appearance. Additional arrangements 
include cords, papillary/polypoid configurations, and single 
cells, with rare signet ring-like cells seen.*!° Nuclear atypia 
may be evident and is usually of the degenerative type, 
with smudged chromatin, although prominent nucleoli may 
be focally present in a subset of cases. Mitotic activity is 
absent. 

Immunohistochemical stains may be diagnostically mis- 
leading due to a degree of immunophenotypic overlap with 
adenocarcinoma of the prostate.” Specifically, basal cell 
markers may be absent in nephrogenic metaplasia/adenoma, 
especially with p63 immunostains. 348E12 immunoreac- 
tivity is variable and is absent in about one-half of cases. 
Another pitfall is that nephrogenic adenoma expresses 
AMACR in a majority of cases." So, nephrogenic 
metaplasia/adenoma presenting as small tubules in the pros- 
tate, with negative basal cell/positive AMACR immunos- 
tains, may be misdiagnosed as acinar adenocarcinoma of 
the prostate. The most useful immunostains are those with 
antibodies directed against PSA, PSAP, PAX2, PAX8, and 
S-1001A. Expression of PSA and PSAP is lacking or is weak 
in nephrogenic adenoma, while gland-forming adenocarci- 
nomas are characteristically positive. S-100A1 immunore- 
activity is found in 78% of nephrogenic adenoma cases, and 
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is absent in prostatic adenocarcinoma.*!* PAX2 and PAX8 
proteins are sensitive and specific markers for nephrogenic 
adenoma in the differential diagnosis with adenocarcinoma 
of the prostate: a nuclear signal is seen in all cases of neph- 
rogenic adenoma and is negative in adenocarcinoma of the 
prostate.*°73!>3'° Additional markers positive in nephrogenic 
adenoma include pan-cytokeratin, cytokeratin 7, epithelial 
membrane antigen, and CA-125. Uroplakin immunostains 
are negative. 

The most important differential diagnostic consideration 
for nephrogenic adenoma in the prostatic parenchyma is 
prostatic adenocarcinoma, as just discussed. Intraprostatic 
extension of urethral clear cell carcinoma and the nested 
variant of urothelial carcinoma, with or without tubule for- 
mation, should also be entertained.’ 


Stromal Metaplasia 


There is a single case report of cartilaginous stromal 
metaplasia.*'’? This 69-year-old man had hematuria, was 
clinically diagnosed with BPH, and underwent TURP. 
Microscopically, glandular and stromal hyperplasia and “a 
few foci of well-differentiated adenocarcinoma” were iden- 
tified. Benign cartilaginous stroma in transition with benign 
fibrous tissue was noted. Other forms of mesenchymal 
metaplasia are not known to occur. It is not known if adipo- 
cytes in the prostate parenchyma, a rare finding (see above 
section on normal microanatomy of prostatic stroma), rep- 
resent metaplasia, a malformation, or a variation of normal 
anatomy. 


Hyperplasia 
Benign Prostatic Hyperplasia 


Definition and Incidence 
Nodular hyperplasia (BPH) is one of the most common 
diseases to affect men. Precisely how common depends 
on the definition used for BPH. One way to classify BPH 
is a microscopic BPH, macroscopic BPH, and clinical 
BPH.?'**”° In this conceptual framework, microscopic BPH 
is the histologic diagnosis of usual glandular and/or stro- 
mal hyperplasia. Macroscopic BPH describes an enlarged 
prostate, which can be detected by DRE or by radiologic 
means, usually transrectal ultrasonography (TRUS) or, less 
commonly, magnetic resonance imaging. Clinical BPH is a 
diagnosis based on urinary tract symptoms and bladder dys- 
function.*'*!° It is important to note that BPH contributes 
to, but is not the sole cause of, lower urinary tract symp- 
toms.*’’ In fact, the clinical diagnosis of BPH is often made 
by a combination of assessments for macroscopic and clini- 
cal BPH, which includes evaluation of prostate size, urinary 
symptoms, and reduced urinary flow rate.’ The diagnosis 
of BPH is a clinical one. A histologic diagnosis of BPH is 
not needed for treatment. 

Histologic evidence of BPH at autopsy is found in a 
majority of men over 60 years of age.“ This proliferative 
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process is strongly related to age, with only a few percent 
of men under 40 having histologic BPH, whereas almost all 
men (88%) over 80 have histologic BPH.***! The preva- 
lence of histologic BPH at autopsy is the same in different 
countries around the world.*"® 

BPH is a common clinical diagnosis,’ with the preva- 
lence dependent on the clinical criteria used. Some studies 
have used only symptoms in its definition, whereas other 
studies have included prostate size or urinary flow rates. 
To assess symptom severity and frequency the American 
Urological Association International Prostate Symptom 
Score, which is based on a self-administered questionnaire, 
is frequently used.*!?°”? Bother and interference with daily 
quality of life are also important clinical considerations.*"° 
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Etiology and Epidemiology 

Established etiologic risk factors for BPH are aging and 
an intact androgen axis.*!°°*°"?3 Patients castrated before 
puberty do not develop BPH. The role of androgens in the 
development of BPH is felt to be permissive rather than 
directly causative. Another risk factor for BPH is a positive 
family history, indicative of an inheritable genetic basis, 
with an autosomal dominant mode of inheritance.’ As 
is common with inherited disease, hereditary BPH tends 
to strike younger patients: It is estimated that about 50% of 
men under 60 years of age who undergo surgery (prosta- 
tectomy) for BPH could have hereditary BPH, whereas 
only about 9% of men over 60 with BPH have the inher- 
ited form of the disease.” Men with hereditary BPH have 
larger prostate glands, with a mean volume of 83 cm*, com- 
pared with a mean volume of 56 cm? for men with sporadic 
BPH.’ The gene (or, more likely, genes) responsible for 
hereditary BPH have not been identified. Smoking, alco- 
hol intake, vasectomy, and sexual activity have little or no 
association with BPH.*'°*”° Histologically, hereditary BPH 
exhibits a higher stromal—epithelial ratio than sporadic 
BPH nodules.** 

The molecular pathogenesis of BPH has not been fully 
elucidated, but epithelial-stromal cellular interactions and 
various growth-promoting molecules, including andro- 
gens, estrogens, and polypeptide growth factors, are prob- 
ably involved.*'? Because BPH is a benign increase in cell 
number, it fundamentally must represent an imbalance 
between cell proliferation and cell death. Therefore, it is 
probably a combination of growth promotion and impaired 
programmed cell death (apoptosis) that leads to BPH. Gene 
expression profiling has identified hundreds of genes up- 
regulated or down-regulated in BPH compared to normal 
prostatic tissue.*?’ Despite these perturbations of normal 
growth pathways, BPH is not a risk factor for development 
of carcinoma. 


Clinical Presentation 

Patients with BPH present with symptoms often called pros- 
tatism, which can be separated into obstructive and irrita- 
tive symptoms. Obstructive symptoms include hesitancy, 


postvoid dribbling, sensation of incomplete bladder emp- 
tying, and urinary retention. Irritative symptoms include 
frequency, urgency, nocturia, urge incontinence, and dys- 
uria.?83 Symptoms of prostatitism are not specific for BPH, 
and other diseases must be ruled out in the workup for BPH. 
For example, urinary tract infections and bladder cancer 
may produce symptoms such as frequency and urgency that 
mimic BPH. Other diseases that can clinically simulate BPH 
include urethral stricture, bladder neck contracture, bladder 
calculus, and neurogenic bladder.*** Prostate size and his- 
tologic BPH presence correlate poorly with the degree of 
obstruction and these clinical symptoms.*!**?8 


Treatment 

Treatment options for patients with BPH include watch- 
ful waiting, medical therapy (including but not limited to 
a-adrenergic receptor blockers and 5o-reductase inhibi- 
tors),°° and minimally invasive therapies such as high- 
intensity focused ultrasound, laser therapy, transurethral 
balloon dilatation thermotherapy, transurethral electrovapor- 
ization, intraurethral stents, and transurethral needle ablation 
of the prostate.*’’ Surgical therapy includes TURP and open 
(simple) prostatectomy.*!® 


Usual Nodular Epithelial and Stromal 

Hyperplasia 

This type of prostatic hyperplasia typically forms BPH 
nodules. Usual prostatic hyperplasia can be diagnosed in 
all types of prostatic tissue samples, but its recognition is 
most straightforward in tissue samples larger than the needle 
core biopsy. Hyperplasia is actually uncommon in prostatic 
needle biopsy because the zone of origin of BPH—the tran- 
sition zone—is usually not biopsied and because hyperpla- 
sia is uncommon in the peripheral zone, which is targeted. 
Histopathologists should not diagnose hyperplasia when 
benign, complex glands are appreciated in a needle biopsy 
since normal glands also have this appearance. Also, it is not 
possible to recognize the nodularity of BPH glands in needle 
biopsy. Finally, it is not necessary to diagnose usual prostatic 
hyperplasia in needle biopsy because treatment of BPH is 
driven by the clinical diagnosis. 

Grossly, nodule formation is the hallmark of usual 
prostatic hyperplasia. Such nodularity can be seen in 
TURP chips, simple prostatectomy specimens, and whole 
glands (from radical prostatectomy, cystoprostatectomy, 
and autopsy specimens) but not needle biopsies. In TURP 
chips, most nodules (more than 80%) are <4 mm in diam- 
eter, whereas in simple prostatectomies (enucleations), most 
nodules are >4 mm (Fig. 8-73).**' In the whole gland, most 
nodules are found in the transition zone or periurethral areas, 
with peripheral zone hyperplastic nodules detected in 0.1% 
to 19% of prostate.***? > Periurethral and peripheral zone 
hyperplastic nodules tend to be smaller than the transition 
zone nodules.” *?*3 Transition zone and periurethral area 
nodules are typically multiple, whereas peripheral zone 
nodules are usually solitary.” The number and size of 
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Figure 8-73 E BPH nodules ina simple prostatectomy spec- 
imen. Solid and cystic features are evident. 


hyperplastic nodules increases with age,”!“*° with the great- 
est number of large nodules found in men over 60 years of 
age. Transition zone nodules exhibit expansile growth, and 
larger ones in the transition zone can compress the urethra 
and peripheral zone. In the periurethral zone, the nodules are 
randomly scattered along the length of the proximal segment 
of the urethra, with extension to the bladder neck. When 
these proximal periurethral nodules become significantly 
enlarged, the mass can project into the bladder as an enlarged 
median or middle lobe (Fig. 8-74), which can obstruct the 
urethra in a ball-and-valve—like fashion. Peripheral zone 
nodules can produce a subcapsular bulge that can simulate 
carcinoma by DRE and TRUS. The gross appearance and 
texture of the nodules depend on the histologic cellular com- 
position. Periurethral nodules made up of pure stromal cells 
are round, elliptical, dense, white nodules with a suggestion 
of a fibrillary or whorled cut surface.” The whorled look is 
reminiscent of a leiomyoma. Mixed glandular and stromal 
nodules may be hard or soft; the more epithelial ones can 
seem spongy with cystic change (Fig. 8-73). 


Figure 8-74 E BPH with prominent median lobe protruding 
into urinary bladder. (Reprinted from Royal College of Surgeons of 
England Slide Atlas of Pathology, 1985, slide 100.) 
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Box 8-5 @ HISTOLOGIC VARIANTS OF 


PROSTATIC HYPERPLASIA 


Usual patterns 
Glandular 
Stromal 
Leiomyomatous 
Leiomyomatous with symplastic atypia 
Myxoid 
Mixed glandular and stromal 
Fibroadenomatous nodule 
Special patterns 
Basal cell hyperplasia 
Cribriform clear cell hyperplasia 


Microscopically, usual prostatic hyperplasia is a prolifera- 
tion of either pure stromal cells or epithelial and stromal cells 
(Box 8-5). Pure stromal cell hyperplasias may be either nod- 
ular or diffuse.*!**! Stromal cell nodules, which are thought to 
represent the first signs of BPH, are found predominantly in 
suburothelial tissues above the distal region of the verumon- 
tanum but have also been reported in the central zone, and a 
few examples have been found in the peripheral zone.’ They 
are characterized by a well-circumscribed mass of spindled to 
star-shaped cells embedded in a myxoid (Fig. 8-75) or, more 
commonly, hyalinized matrix (Fig. 8-76). The spindled cells 
in the more hyalinized nodules can be arranged in bundles 
or whorls. Some cells have a denser, more eosinophilic cyto- 
plasm. There is a prominent vasculature that is made up of 
capillaries in the myxoid nodules and thick-walled vessels in 
the more hyalinized form. Singly dispersed mature, small 
lymphocytes (which are mainly T lymphocytes) are common 
in stromal nodules. Cytologic atypia and mitoses are lacking.**’ 
Rare cases may show focal symplastic, degenerative-type 
nuclear atypia with enlarged nuclei displaying smudged 


is DEAE ILS Z 


Figure 8-75 W Stromal hyperplasia in periurethral zone, 
with myxoid matrix. 
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Figure 8-76 E Stromal hyperplasia in periurethral zone, with 
sclerotic stroma and prominent blood vessels. 


chromatin. Another rare finding in stromal nodules is the 
presence of signet ring cell change in stromal cells.*** These 
signet ring stromal cells are likely myofibroblasts, based on 
the immunohistochemical profile of vimentin positive and 
weak desmin positivity, with negative immunostains for PSA 
and PSAP. Stromal nodules have been classified as fibrous or 
fibrovascular, fibromuscular, and muscular”! or as fibroblastic, 
fibromuscular, smooth muscular, and immature mesenchy- 
mal.**’ Another classification is leiomyomatous (Fig. 8-77), 
leiomyomatous with symplastic change, and myxoid pattern 
(Fig. 8-75). This ordering is not diagnostically necessary but 
rather speaks to mesenchymal cell types that are part of these 
nodules. Diffuse stromal hyperplasia is less common than the 
nodular form and is distinguished from stromal nodules only 
by being larger and having a border that merges gradually 
with surrounding normal smooth muscle stroma. Stromal 
hyperplasia can be seen in needle biopsies (Fig. 8-78). 
Glandular nodules, which are a variable mixture of epithe- 
lial and stromal hyperplastic cells, are usually found in the 


Figure 8-78 E Stromal hyperplasia in needle core tissue. 


transition zone but can also be seen in the periurethral area, 
central zone, and peripheral zone (Fig. 8-79). The smallest 
or earliest growths can be difficult to identify because there 
is only an increased density of small glands with little in the 
way of an expansile border. 

Larger and better-developed glandular nodules are readily 
appreciated at scanning magnification (Fig. 8-80). The vari- 
able amount of hyperplastic epithelium and stroma can also 
be noted at this level of examination. Epithelial-predominant 
nodules (Fig. 8-80) have an epithelial—stromal ratio of about 
2:1, whereas for stromal predominant nodules the ratio is 
reversed at 1:2 (Fig. 8-81).**' The epithelial hyperplasia 
in glandular nodules is typified by a complex, branching 
arrangement of glands.* Variable size and shape of glands, 
with complexity, true papillary projections, luminal undula- 
tions, and branching are all emblems of epithelial hyperpla- 
sia in the prostate (Figs. 8-82 and 8-83). Smaller glands may 
be seen (Fig. 8-84) but when they are abundant one should 
consider a diagnosis of AAH (see below section on Atypical 
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Figure 8-79 Œ Small BPH nodule in peripheral zone. 
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Adenomatous Hyperplasia), especially if the small acini are 
rounded without luminal complexity. The constituent epithe- 
lial cells of the glandular hyperplastic nodule include high 
columnar luminal cells and basal cells. In cystically dilated 
glands, the lining can be flattened and atrophic (Fig. 8-85). 
Basal cells are readily detected in hyperplastic nodules, 
and not uncommonly this epithelial population also shows 
hyperplasia (see below section on Basal Cell Hyperplasia). 
Mitotic figures and apoptotic bodies in the hyperplastic 
luminal and basal cells are exceedingly rare. The luminal 
contents of hyperplastic glands include shed epithelial cells 
and corpora amylacea, while intraluminal findings such as 
crystalloids and wisp blue mucin are rare. The appearance 
of stroma in glandular hyperplastic nodules varies from nar- 
row smooth muscle bands between glands to broad bands to 
most of the nodules being composed of bland spindled cells 
similar to those in stromal nodules. 

It is not necessary for diagnostic purposes to subtype the 
glandular hyperplastic nodules. One scheme” uses the terms 


Figure 8-82 E Fepenplastie nodule wii al glandular 
complexity. 


fibromyoepithelial nodule and fibroadenomatous nodule. 
Foci resembling the mammary fibroadenoma do occur within 
the spectrum of nodular prostatic hyperplasia (Fig. 8-86), 
but this is uncommon, with an incidence of 1%.*#° 
Secondary histologic alterations in hyperplastic nodules 
include cystic change, inflammation, duct or acinar rupture, 
squamous cell metaplasia, and infarction. Cystic glandu- 
lar dilatation is common in BPH (Fig. 8-73). As noted, the 
epithelial lining of the cysts is often flattened, with an atro- 
phic appearance (Fig. 8-85). Inflammation is also common 
in BPH. The mixed inflammatory cell infiltrate includes T 
lymphocytes (in 81% of cases), B lymphocytes (in 52% of 
cases), and macrophages (in 82% of cases).**! Duct or acinar 
expansion by inflammatory exudate can be associated with 
this inflammatory infiltrate (Fig. 8-87). Squamous cell meta- 
plasia can be found in inflamed or infarcted BPH areas. 
Infarction is a reasonably common histologic finding in 
large BPH tissue samples (TURP chips, simple prostatec- 
tomy specimens, and whole glands from autopsy), with an 
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Figure 8-83 W Papillary structures in hoedi. 
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comprising smaller glands. 


overall incidence of 18% (451 of 2,563 cases), with a range 
of 3% to 85%,76174267268 However, infarcts are rarely identi- 
fied in needle biopsy tissue,” mainly because the transition 
zone, where BPH arises, typically is not targeted by needle 
biopsy. Infarction is clinically associated with acute uri- 
nary retention, gross hematuria, advanced patient age, and 
large volume BPH.”°'*? Clinically, infarcts can mimic pros- 
tate cancer because they can present (rarely) as a palpable 
nodule or be associated with an elevated serum PSA,*3*4 
which can range from 6.9 ng/mL to 287 ng/mL, the latter 
level often being associated with metastatic prostate carci- 
noma. Grossly, prostatic infarcts in BPH appear bright and 
red to mottled, dull, reddish-brown or gray, and round to oval 
(Fig. 8-88). They can be single or multiple and measure up 
to several centimeters in diameter.*' Microscopically, the 
appearance depends on the age of the infarct.”°* Coagulative 
necrosis, with a ghost-like outline of hyperplastic glands, is 
typical (Fig. 8-89). During the first 1 to 2 days, neutrophilic 
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Figure 8-85 W Cystic atrophy in hyperpalstic nodule. 
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nodule. 


infiltrates are minimal. By day 4 neutrophilic infiltrates, 
stromal edema, and parenchymal necrosis are maximal.” 
Hemorrhage and squamous cell metaplasia are common 
in the border zone between necrotic and viable tissue. 
Hemorrhagic infarcts can also be seen. Repair takes place 
during the third to 6th week, with the only residue being 
squamous cell metaplasia, lymphocytes, and fibrosis.7“?° 
The differential diagnosis of usual prostatic hyperplasia 
can be divided into stromal-based and epithelial-based lists. 
For stromal hyperplasia of the prostate, the main differential 
diagnostic considerations are bland spindle cells in normal, 
reactive, and reparative prostatic stroma, benign mesenchy- 
mal neoplasms such as leiomyoma and neurofibroma (both 
rare), postoperative spindle cell nodule/ inflammatory myo- 
fibroblastic tumor (IMT), stromal tumors of uncertain malig- 
nant potential (STUMP), prostatic sarcomas, and the spindle 
cell component of homologous sarcomatoid carcinomas. 
Reactive or reparative spindled granulation tissue, fibrosis, 


Figure 8-87 E BPH nodule with inflammatory exudate in 
dilated glands. 
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Figure 8-88 W Infarct in hyperplasia. (Reprinted from Royal 
College of Surgeons of England Slide Atlas of Pathology, 1985, 
slide 99.) 


and postoperative spindle cell nodules could mimic prostatic 
stromal hyperplasia, but the former two entities are not usu- 
ally nodular. Cases diagnosed as leiomyoma of the prostate 
probably represent the leiomyomatous variant of nodular 
stromal hyperplasia. Myxoid neurofibroma could be simu- 
late myxoid stromal nodules but these are exceedingly rare in 
the prostate. Postoperative spindle cell nodules and IMT of 
the prostate, also known as pseudosarcomatous fibromyxoid 
tumor, are probably the same entity and may be neoplastic.’ 
This pseudosarcomatous myofibroblastic proliferation can 
involve the prostate but differs from stromal hyperplasia in 
having a background of granulation tissue-like vascularity, 
with inflammation.’ Some cases of pseudosarcomatous myo- 
fibroblastic proliferation can show hypercellular areas with 
fascicular growth, infiltration, and necrosis, unlike prostatic 
stromal hyperplasia. STUMPs with scattered degenerative- 
appearing nuclei with smudged chromatin and mutlinucle- 
ation that are found between benign glands?” have also been 


termed stromal hyperplasia with atypia.” STUMPS are 
considered neoplasms, 


347 although it has also been suggested 
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Figure 8-89 E Infarcted hyperplastic nodule. 
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that those cases with the dispersed degenerative nuclei are a 
variant of usual hyperplasia*”’ or a reactive or degenerative 
process occurring in association with usual stromal hyper- 
plasia.” In needle biopsy of myxoid stromal proliferations, 
prominent round vessels and chronic inflammation argue for 
myxoid pattern of usual stromal hyperplasia rather than myx- 
oid STUMP.” Prostatic sarcomas and spindle cell elements 
of sarcomatoid carcinoma, in contrast to prostatic stromal 
hyperplasia, show nuclear atypia, invasiveness or stromal 
overgrowth, necrosis, and mitotic activity. 

The main differential diagnostic concerns for usual epi- 
thelial hyperplasia in the prostate are normal prostatic epi- 
thelium, PIN, AAH (adenosis), and pseudohyperplastic and 
microcystic adenocarcinoma. Normal prostatic epithelium 
and hyperplastic epithelium can both have complex configu- 
rations, with papillary infoldings, branching, and luminal 
undulations, but normal epithelium does not form nodules 
and does not have admixed stromal hyperplasia. Usual epi- 
thelial hyperplasia may be difficult to distinguish from low- 
grade PIN but low-grade PIN glands will show luminal cell 
nuclear enlargement and size variability. This distinction 
is not necessary since low-grade PIN need not be reported 
since it is not a risk factor for detection of malignancy. High- 
grade PIN is readily distinguished from epithelial hyper- 
plasia based on its malignant-appearing luminal cell nuclei 
in glands with a tufted, micropapillary, cribriform, and/or 
flat architecture. A few small acinar buds in usual glandu- 
lar hyperplasia can raise the possibility of AAH (adenosis) 
but AAH has a greater number and density of small, closely 
packed glands. Also, intraluminal crystalloids are more 
common in AAH glands and AAH glands have a fragmented 
basal cell layer. The variants of prostatic adenocarcinoma 
most likely to be confused with epithelial hyperplasia are 
pseudohyperplastic?****' and microcystic”*’ adenocarcinoma 
of the prostate. At low magnifications usual epithelial hyper- 
plasia and pseudohyperplastic adenocarcinoma can appear 
nearly identical. When cystic change is present in the tran- 
sition zone, consideration should be given to cystic epithe- 
lial hyperplasia versus microcystic adenocarcinoma. Gland 
crowding, continuity with usual small acinar adenocarci- 
noma, nuclear atypia, complete absence of basal cells, and 
AMACR positivity will indicate a diagnosis of pseudohy- 
perplastic or microcystic adenocarcinoma in this setting. 

Diagnostic difficulties can arise in the diagnosis of usual 
epithelial hyperplasia secondary to thermal damage in pros- 
tate chips from TURP. Architectural and nuclear distortion 
as a consequence of thermal injury can render interpretation 
difficult to impossible, especially at the edge of the prostatic 
chips. Levels and/or basal cell and AMACR immunostains 
can on occasion help resolve concern for high-grade PIN 
or carcinoma, when such concern exists. Another diagnos- 
tic problem due to heat effect on tissue is the generation of 
signet ring change in lymphocytes.'*' If cell type is in doubt, 
immunostains for lymphocyte markers such as CD45, with 
negative PSA and PSAP immunostains, can confirm the 
nature of the signet ring cells. 
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Special studies are rarely required to diagnose usual 
prostatic hyperplasia. If adenosis (see below) or pseudo- 
hyperplastic/microcystic adenocarcinoma are possibilities, 
immunostains for basal cells (348E12 and/or p63) and 
AMACR may be helpful. Usual epithelial hyperplasia may 
demonstrate focal basal cell loss, but the basal cell layer is not 
fragmented, as in adenosis, or completely absent, as in pseu- 
dohyperplastic and microcystic adenocarcinoma. AMACR 
immunostains can be focally positive in usual hyperplasia, 
can be strongly positive in 8% of cases of adenosis, and are 
positive in most cases of pseudohyperplastic and microcys- 
tic adenocarcinoma. 


Basal Cell Hyperplasia 

Basal cell hyperplasia is an increase in the number of benign 
basal cells.!37!3835236 Basal cell hyperplasia is uncommon, 
with an incidence of 3% to 15%.38!4!355357 Though often 
viewed as a transition zone proliferation found in the set- 
ting of usual epithelial hyperplasia, it can also be found in 
the peripheral zone, associated with inflammation. Finally, 
basal cell hyperplasia is a common reactive response to ther- 
apy of the prostate. 

Basal cell hyperplasia is an incidental histologic finding 
in TURP chips***3°°3°8 or needle biopsies of the peripheral 
zone performed to rule out carcinoma.'** Patients typically 
are 60 to 80 years of age and present with prostatism symp- 
toms that result in transurethral resection or open prostatec- 
tomy, or with an abnormal DRE or serum PSA that results 
in needle biopsy. 

Histologically, basal cell hyperplasia is often multifocal 
and is characterized by two or more layers of basal cells with 
a range of growth features. These glands or nests are often 
focal but can form nodules.*** In some cases the glands can 
appear to infiltrate between normal or hyperplastic glands 
(Fig. 8-90). The glandular forms vary from tubular to crib- 
riform to solid configurations (Figs. 8-91 to 8-93). The pat- 
terns vary from focal, eccentric, partial gland involvement 


Figure 8-90 W Basal cell hyperplasia, with pseudoinfiltra- 
tive pattern. 


glands having a tubular appearance. 


to a symmetric, circumferential proliferation with central 
retention of secretory cell layer, to nearly complete, luminal 
obliteration. Solid, small nests are also common and these 
can occasionally demonstrate peripheral palisading. The 
cribriform (adenoid basal cell) pattern has been reported 
to be rare.*°°*! Cribriform structures can resemble adenoid 
cystic carcinoma, hence the term adenoid cystic-like hyper- 
plasia.* These cases demonstrate transition zone location, 
mutifocality, and lobulation, with squamous metaplasia and 
a myxoid stroma occasionally seen.* Additional unusual 
morphologic patterns include basal hyperplasia within 
intracytoplasmic globules and squamous features.**'! The 
surrounding stroma may be similar to adjacent uninvolved 
prostate,’ may reveal a few concentric layers of cellular or 
myxoid compressed stroma, or may show a hypercellular, 
hyperplastic stroma, which has been called sclerosing basal 
cell hyperplasia.**° Microcalcifications are seen in nests in 
about one-half of cases (Fig. 8-94). Cytologically, the 
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Figure 8-93 W Basal cell hyperplasia, solid nested pattern. 


basal cells are ovoid to occasionally elongated. Cytoplasmic 
volume is scanty and usually dense, but some cells can have 
cytoplasmic clearing. The nuclei are uniform, with finely 
dispersed chromatin and usually without prominent (>1 um) 
nucleoli or pleomorphism. In a small minority of basal cell 
hyperplasia foci there are prominent nucleoli.!3719835¢36136 
The designation of “atypical basal cell hyperplasia” should 
not be applied in these cases since there is no evidence that 
this finding constitutes a risk factor for subsequent detection 
of carcinoma. Mitoses are rare. Lymphocytes are commonly 
found in foci of basal cell hyperplasia, suggesting that some 
foci may be a reactive proliferation. No physical transition 
between basal cell hyperplasia and neoplasia, including PIN 
and carcinoma, has been noted. '** 

Special histochemical stains have shown acid and neu- 
tral mucin in basal cell hyperplasia, whereas immuno- 
histochemical stains demonstrate an immunophenotype 
similar to normal basal cells. Of diagnostic importance, 
immunolabeling using p63 and 34BE12 antibodies is 


ES 


Figure 8-94 W&® Basal cell hyperplasia, with calcifications. 


found.?®356357 Immunostains for AMACR are negative.*” 


Weak to absent PSA and PSAP immunoreactivity in basal 
cells has been reported,**°*>’ and preserved secretory cells 
are strongly positive for these two markers. Rare basal 
cells have stained for chromogranin, neuron-specific eno- 
lase, and SMA.*°°357°°° BCL2 immunostains are negative to 
weakly positive, and weakly positive p53 immunoreactiv- 
ity has been detected.*°** The mean proliferation index for 
usual basal cell hyperplasia (based on Ki-67 immunoposi- 
tive cells) has been quantitated at 1.3%.'3°3°4 Compared 
with normal basal cells, basal cell hyperplasia exhibits a 
coordinate increase in proliferation index and a decrease in 
apoptotic index, which may account for the increased cell 
number in basal cell hyperplasia. 18365 

The differential diagnosis for basal cell hyperplasia cen- 
ters mainly on high-grade PIN, particularly when nucleoli 
are present, but basal cell hyperplasia is a uniform cell pop- 
ulation and does not exhibit the tufted and micropapillary 
patterns commonly present in PIN. Urothelial metaplasia, 
when florid, can on occasion exhibit overlapping features 
with basal cell hyperplasia but urothelial cells have more 
elongated nuclei, sometimes with nuclear grooves and cyto- 
plasmic clearing. As far as malignancy, basal cell hyper- 
plasia should not be misdiagnosed as adenocarcinoma or 
the rare basal cell carcinoma in the prostate. Tubular and 
cribriform basal cell hyperplasia can be mistaken for adeno- 
carcinoma but again the multilayered uniform basaloid cell 
population is the key finding that aids in diagnostic recog- 
nition. Basal cell hyperplasia lacks the infiltrative growth, 
extraprostatic extension, perineural invasion, and stromal 
desmoplasia seen in basal cell carcinoma. The adenoid cys- 
tic-like hyperplasia pattern of basal cell hyperplasia addi- 
tionally differs from the adenoid cystic pattern of basaloid 
carcinoma in being associated with usual basal cell hyper- 
plasia, and lacking mitoses, apoptosis, and sebaceous dif- 
ferentiation*°"°* Immunostains for BCL2 and Ki-67 can 
help in the distinction of basal cell hyperplasia and basaloid 
carcinoma in difficult cases, where BCL2 negativity and a 
Ki-67 index <20% favors basal cell hyperplasia over basal 
cell carcinoma.>* 


Cribriform Hyperplasia 

Cribriform hyperplasia is a variant of usual epithelial 
hyperplasia that is found in about 8% of untreated pros- 
tate glands.’ Although they are called clear cell cribriform 
hyperplasia,*°’*°* not all such proliferations have cleared 
cells, so the term cribriform hyperplasia is preferable. 
These proliferations appear to be completely benign and do 
not constitute a risk factor for subsequent development of 
neoplasia. 

Patients with cribriform hyperplasia are of a mean age of 
64 to 72 years and usually present with a clinical diagnosis 
of BPH. Almost all of the initially reported cases of crib- 
riform hyperplasia were TURP chip cases*°7*°*; cribriform 
hyperplasia can also be detected in needle biopsy,’ radical 
prostatectomy,” and cystoprostatectomy tissues.°° 
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Figure 8-95 W Cribriform hyperplasia in prostate needle 
biopsy tissue. 


Histologically, cribriform hyperplasia is usually seen in 
nodules of hyperplasia in the transition zone and is charac- 
terized by a sieve-like glandular profile (Figs. 8-95 to 8-97), 
with or without admixed papillary proliferations. This can 
be a single focus or multiple foci. Partial gland involvement 
is possible. The constituent cells have bland nuclei with 
only rare, small, inconspicuous nucleoli and cleared cyto- 
plasm (Fig. 8-96). A peripheral basal cell layer is readily 
detected on H&E sections (Fig. 8-96) and by 34BE12 and/ 
or p63 immunostains. On occasion this basal cell layer can 
be hyperplastic. No necrosis or mitotic figures should be 
evident. The DNA content of cribriform hyperplastic nuclei 
is diploid, whereas that of cribriform carcinoma is often 
aneuploid.*® 

The differential diagnosis of cribriform hyperplasia cen- 
ters on other cribriform proliferations in the prostate. One 
must be aware that central zone epithelium can normally 
form cribriform glands. Basal cell hyperplasia can be found 
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Figure 8-96 W Cribriform hyperplasia with circumferential 
basal cell layer and bland luminal cell nuclei. 
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Figure 8-97 W Cribriform hyperplasia in a hyperplastic 
nodule. 


admixed with cribriform hyperplasia, and pure cribriform 
basal cell hyperplasia does exist but is unusual. These 
basaloid cells have a much smaller volume of cytoplasm 
than clear cell cribriform hyperplasia. Unlike cribriform 
high-grade PIN, the cells forming the round, regular glands 
in cribriform hyperplasia do not exhibit nuclear atypia. Also, 
although clear cell change can occur in PIN, the cytoplasm 
of PIN cells is usually amphophilic. Intraductal carcinoma 
also has neoplastic nuclear atypia in luminal cells,°°3” 
unlike cribriform hyperplasia. Ductal adenocarcinomas with 
characteristic cribriform, papillary, comedo, and/or solid 
cylinder growth patterns have a particular propensity for 
intraductal spread. Finally, in contrast to cribriform hyper- 
plasia, invasive cribriform carcinoma, which can be acinar or 
ductal in type, displays nuclear atypia and is often admixed 
with an adjacent small acinar or papillary ductal adeno- 
carcinomatous component, and lacks a basal cell layer.3”! 
Cribriform carcinoma can also be found surrounding the 
central necrosis of comedocarcinoma (Box 8-6). 


Mesonephric Remnant Hyperplasia 

Mesonephric remnant hyperplasia is well known in the female 
genital tract but is an uncommon proliferation in the prostate 
and periprostatic tissues, with 27 cases reported.’’ °°?” The 
incidence in TURP cases is estimated to be 0.6% (4/698). 


Box 8-6 @ DIFFERENTIAL DIAGNOSIS OF 
CRIBRIFORM GLANDS INTHE PROSTATE 


Normal central zone glands 
Cribriform clear cell hyperplasia 
Basal cell hyperplasia 

PIN 

Intraductal carcinoma 

Acinar adenocarcinoma 

Ductal adenocarcinoma 
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It is always an incidental histologic finding. The mean patient 
age is 70 (range 50 to 85), and most patients present with 
prostatism with subsequent TURP. A few patients had the 
proliferation detected in radical prostatectomy tissues, and 
one patient had these glands in needle biopsy performed to 
rule out prostate cancer. The clinical and pathologic signifi- 
cance of this proliferation is that it can be confused micro- 
scopically with adenocarcinoma. Indeed, this happened in 
one case, and the patient underwent an unnecessary radical 
prostatectomy.” 

Histologically, mesonephric remnant hyperplasia is most 
often characterized by a vaguely lobular or infiltrative 
growth of small tubules with cuboidal epithelium (Fig. 8-98) 
and intraluminal, eosinophilic colloid-like secretions. These 
tubules can infiltrate prostatic tissue, in and around smooth 
muscle bundles of the bladder neck, and in periprostatic soft 
tissue. In three cases,’™ć there was an association with nerve 
tissue. Sometimes the tubules form aggregates or can stream 
in columns. The tubules have a single-cell-lining layer and 
are usually simple acini, but intraluminal micropapillary 
projections can be seen in some instances. The lining epithe- 
lium is most often cuboidal but can be flattened and atrophic, 
especially in medium-sized tubules, with cystic dilatation. 
Cytologically, the cells are bland, usually with no evidence 
of nuclear enlargement or prominent nucleoli. Occasionally, 
“punctate” or “conspicuous” nucleoli are visualized. There 
is generally not a stromal proliferation or response to the 
acini. Immunohistochemically, the critical finding is lack 
of staining for PSA and PSAP. Variable results have been 
obtained with the 348E12 immunostain, which can be nega- 
tive in mesonephric hyperplasia. 


Verumontanum Mucosal Gland Hyperplasia 

This is a benign microacinar proliferation of the veru- 
montanum and adjacent posterior urethra where the ejacu- 
latory ducts and utricle empty into the urethra.*” Its 
incidence in whole glands (from radical prostatectomies 


appearing small tubules. 


and cystoprostatectomies) is 14%.°% Although it has been 
reported in needle biopsies,’ the incidence in this type of 
tissue specimen and in TURP chips has not been defined. 
Verumontanum mucosal gland hyperplasia is an incidental 
histologic finding in men 47 to 87 years of age.*” Its clinical 
and pathologic significance is that it can potentially mimic 
small acinar prostatic adenocarcinoma. 

Histologically, verumontanum mucosal gland hyper- 
plasia (Fig. 8-99) is more often multifocal than solitary. In 
needle biopsy the mean focus size is 2.9 mm. Most foci in 
the whole gland are <1 mm and contain 6 to 25 glands.>” 
The glands exhibit a nodular growth, regularly centered 
around ejaculatory or prostatic ducts. Urothelium is iden- 
tified immediately adjacent to hyperplastic verumonta- 
num mucosal gland nodules in both needle biopsy and the 
whole gland. The small acini are positioned back to back 
with scanty, interspersed stroma. These acini are lined by 
cuboidal to columnar cells with small bland nuclei and 
rare, small nucleoli. Basal cells are readily recognized. 
Numerous intraluminal, small, fragmented orange-red 
concretions and corpora amylacea are present, but crystal- 
loids and wispy blue mucin are absent to rare, respectively. 
Immunohistochemically, the luminal cells are strongly 
positive for PSA, and the basal cells mark with 34BE12. 
Verumontanum mucosal gland hyperplasia has been associ- 
ated with the presence of AAH (adenosis),*” but it is not a 
risk factor for malignancy. 


Atypical Adenomatous Hyperplasia (Adenosis) 
AAH, also known as adenosis, is a small glandular prolif- 
eration that has been defined as “a localized proliferation of 
small glands within the prostate that may be mistaken for 
carcinoma”>”® or “a relatively well-circumscribed nodule of 
closely packed glands with a lobular growth pattern.”?8! A 
variant, known as diffuse adenosis of the peripheral zone, is 
not circumscribed.** 

AAH is invariably an incidental histologic finding. There 
are no clinical findings that are specific for AAH. The mean 
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age of patients diagnosed with AAH is 64 to 70 years, with 
a range of 45 to 83 years.>”’**33*4 The volume of AAH and 
the number of AAH foci increase with age.*™ It is not known 
whether AAH can elevate the serum PSA or produce a mass 
palpable by DRE. Except for a few examples of larger- 
volume AAH cases, production of a mass seems unlikely 
because most AAH foci are microscopic in size. 

The incidence of AAH depends on the type of tissue 
sample,?”5377383-3% with a wide range from <1% on needle 
biopsies***3*7 to 22% to 60% in whole glands.37°384383% Tn 
transurethral and simple prostatectomy specimens, there is 
an intermediate incidence of 2% to 16% 37785386388 

Grossly, AAH is not recognizable because it is usually 
a minute proliferation. The largest reported AAH nodule 
(at 21 cm*) was not macroscopically distinguishable from other 
large hyperplastic nodules in the same 124-cm? prostate.*”! 
Microscopically, most foci of AAH are extremely small, as 
the mean diameter in needle biopsy is 1.4 mm and in TURP 
chips, 2.5 mm.’ In radical prostatectomy tissues the aver- 
age volume is 0.029 cm?.3** Multifocality is found in a major- 
ity of TURP chips but only in a minority of needle biopsy and 
radical prostatectomy tissues. Most AAH foci (86% to 100%) 
are discovered in the periurethral or transition zone region, 
with a minority in the peripheral and central zones.**3”° 

Histologically, usual AAH typically is a well-circumscribed 
collection of densely packed small, pale, acini, which merge 
with larger, more complex glands (Figs. 8-100 to 8-107). 
Diffuse adenosis of the peripheral zone, as the name indi- 
cates, is not circumscribed.” The periphery of aggregates 
of usual AAH is characteristically rounded (Figs. 8-100 to 
8-102 and 8-104) but in a minority of cases, the small acini 
can extend into surrounding stroma in a pseudoinfiltrative 
pattern (Figs. 8-103 and 8-105). The small acini in AAH 
can be localized to the periphery of the nodule in ring-like 
or crescentic fashion, or can be intermixed with the larger, 
complex glands. The number of small acini is variable, and 
they can make up a minority or majority of the glandular 
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Figure 8-100 E AAH: a nodule with admixed small acini 
and larger, more complex glands. 


Figure 8-101 E AAH in TURP chip. In this case the smaller 
glands predominate. 


proliferation. Many of these small glands are round and 
regular (Fig. 8-104), or elongated, with open lumens. There 
is usually little intervening stroma, but this is not an absolute 
diagnostic requirement. A transition is present between the 
small AAH glands and larger, usual hyperplastic glands with 
luminal undulations, branching, and papillary infoldings. 
These larger glands clearly possess basal cells and on occa- 
sion basal cell prominence, or cystic change can be noted. 
Of critical diagnostic importance, the small, tubular acini 
have a fragmented basal layer. Basal cells can be found in 
the majority of foci of adenosis (78% in one needle biopsy 
study) °° by careful scrutiny of H&E-stained sections, but 
they can be difficult to discern in some foci. Confirmation of 
a discontinuous basal cell layer can be accomplished by use 
of immunohistochemical staining with antibody 34BE12 or 
a p63 immunostain. On average, more than one-half of the 
glands in a particular focus are positive with this immunos- 
tain, but the range is 10% to 90%.3738 Also of substantial 
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Figure 8-102 Œ AAH with closely packed small acini adja- 
cent to cystically dilated glands. 
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Figure 8-103 E AAH with a degree of nodularity but also 
with small acini extending beyond the nodules. 


importance, the nuclei of AAH and diffuse adenosis of the 
peripheral zone should be bland. That is, the nuclei should 
be small with little variation in size and shape, and most 
detectable nucleoli should be small. The nuclei in the small 
acini should appear similar to those of complex, benign- 
appearing glands both within the AAH focus and distant 
from the AAH focus. However, a degree of nuclear atypia is 
allowable in AAH, and very focal nuclear atypia can also be 
seen in diffuse adenosis of the peripheral zone. The nucleoli 
in AAH are usually inconspicuous, but in 13% to 28% of 
cases, prominent nucleoli (>1 um in diameter) are present. 
Additional atypical features that can be found in a minor- 
ity of AAH cases include intraluminal crystalloids, mitotic 
figures, and intraluminal wispy blue mucin. Attempts have 
been made to grade AAH based on the degree of the atypical 
findings,™””” but grading of AAH is not necessary. 

The differential diagnostic list for usual AAH is 
dominated by well-differentiated, Gleason score 2 to 4 
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Figure 8-105 E AAH with pseudoinfiltrative growth. 


adenocarcinoma. Both are circumscribed proliferations 
of small, pale glands, but AAH merges with hyperplastic- 
appearing glands, whereas most well-differentiated carcino- 
mas consist of tubular glands with straight luminal borders. 
Also, the high-power identification of basal cells and bland 
luminal cell nuclei in AAH allows separation of these enti- 
ties in most cases, based on examination of H&E-stained 
slides alone. Difficulty arises when atypical features such as 
pseudoinfiltrative growth, prominent nucleoli, intraluminal 
crystalloids, and intraluminal wispy blue mucin are detected. 
Diffuse adenosis of the peripheral zone can be a diagnostic 
challenge since the small glands can appear infiltrative like 
Gleason pattern 3 adenocarcinoma and also since it can be 
extensive in needle core tissue. Here, the absence or only 
very focal presence of nuclear atypia is helpful in diagnostic 
recognition.** In needle biopsy, the typical lobular charac- 
ter of AAH can be difficult to appreciate because in only 
7% of foci is the entire lobular lesion sampled (Fig. 8-106). 


Figure 8-106 E AAH in needle prostate biopsy. The nodule 
has been transected. 
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Figure 8-107 E AAH in needle biopsy tissue: a crowded 
small pale acinar proliferation. 


In about one-half of needle cases, AAH extends to both sides 
of the needle core,*** and this can cause concern for invasion. 
Furthermore, in some cases, basal cells can be a challenge to 
definitively identify on H&E-stained sections. In such cases, 
immunohistochemical staining for basal cells using 34BE12 
and/or p63 antibodies can help confirm basal cell presence. 
Overall, however, only a minority (15% to 20%) of adenosis 
cases warrants a basal cell immunostain,*™ and the diagno- 
sis can usually be established with H&E-stained slides. Also 
in the differential diagnosis is pseudohyperplastic prostatic 
carcinoma.”**>! Here, there can be an admixture of small, 
pale glands and complex hyperplastic-appearing glands. 
Yet these glands completely lack basal cells, and the nuclei 
exhibit substantial nucleomegaly with macronucleoli. 

The most important special study, as noted above, is 
immunohistochemistry (p63 and/or 34BE12) for basal cells. 
AMACR immunostains are generally not helpful in the dif- 
ferential diagnosis of AAH versus adenocarcinoma since 
AAH can be positive for AMACR in a minority (8% to 
18%) of cases.” Morphometric analysis, histochemistry, 
immunophenotype, and genetic abnormalities such as DNA 
ploidy*” and allelic loss?” do not discriminate between 
AAH and adenocarcinoma. 

Morphologic linkage of usual AAH to PIN and carci- 
noma is weak to absent. Follow-up of a limited number of 
patients suggests a benign outcome.*” If detected in TURP 
or needle biopsy tissue, clinical follow-up, but not necessar- 
ily rebiopsy, might be prudent. An exception to this approach 
might be when diffuse adenosis of the peripheral zone is 
diagnosed. In an initial study,** there does appear to be an 
increased risk for subsequent detection of carcinoma, so that 
after diffuse adenosis is diagnosed in needle biopsy, rebi- 
opsy should be considered. 


Sclerosing Adenosis 

Sclerosing adenosis is also adenotic in being a compact small 
gland proliferation.” This benign, nodular, small aci- 
nar proliferation is embedded in a spindle cell background 


8-108 E Sclerosing adenosis in prostate needle 


FIGURE 
biopsy tissue. 


(Fig. 8-108). Most cases have been diagnosed incidentally 
in TURP chips from men in their 60s or 70s with clinical 
symptoms related to BPH. Serum PSA elevations have been 
reported,*” probably due to coexisting BPH. The incidence 
of sclerosing adenosis in TURP chips, simple prostatectomy, 
and radical cystoprostatectomy is 2%. Rare cases have 
been reported in needle biopsy.“ Microscopically, most 
nodules are only a few millimeters in greatest dimension 
(range 2 to 11 mm). They can be solitary or multifocal. The 
small glands are crowded and irregular with rounded, oval, 
and compressed profiles that are often encircled by a thick 
eosinophilic membrane. Compression of acini can produce 
the appearance of epithelial cords, small clusters, and sin- 
gle cells. In a minority of cases cystic glandular dilatation 
is found. The cytoplasm of the luminal cells is cuboidal to 
scanty and amphophilic to vacuolated. The vacuolated cyto- 
plasm can occasionally impart a signet ring-like image.*”' 
Cytoplasmic volume loss can generate an atrophic appear- 
ance in some glands. The luminal cell nuclei are round to 
oval and in usual sclerosing adenosis cases there may be 
a slight degree of atypia. Significant nuclear atypia with 
enlarged, hyperchromatic nuclei with prominent nucleoli 
has been seen in a few cases and designated as atypical 
sclerosing adenosis.“ Mitotic figures are rare to absent. 
Glandular luminal secretions are typically not present but 
can be eosinophilic or basophilic; intraluminal wispy blue 
mucin can be present. The spindled stroma is highly cel- 
lular and is composed of cytologically bland spindle cells 
set within a collagenous or myxoid, lightly basophilic 
matrix.*°! Occasional stromal lymphocytes or plasma cells 
may be noted. The constituent cells mark as myoepithelial 
cells, with positive immunoreactions for muscle-specific 
actin, S100 protein, and high-molecular-weight cytokeratin. 
Some intra-acinar myoepithelial cells, along with standard 
basal cells, are detectable by immunohistochemical stains. 
This immunophenotype excludes adenocarcinoma, includ- 
ing those rare prostatic adenocarcinomas with a spindle cell 
stroma simulating sclerosing adenosis at the H&E level.“ 
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Similarly, atypical sclerosing adenosis glands have a basal 
cell layer and are also negative for AMACR in immunohis- 
tochemistry.’“ Sclerosing adenosis of the prostate is benign, 
with no known malignant potential. Follow-up of atypical 
sclerosing adenosis has also demonstrated a benign course 
for these patients. 


Miscellaneous Unusual Conditions 
Postoperative Spindle Cell Nodule 


Postoperative spindle cell nodule is now thought to represent 
a subset of IMT, which is also known as pseudosarcomatous 
fibromyxoid tumor, myofibroblastoma, pseudosarcomatous 
myofibroblastic proliferation, and inflammatory pseudo- 
tumor. These prostatic postoperative spindle cell nodules, 
which follow transurethral resection for BPH, do not dif- 
fer from IMTs without prior surgery in morphologic, 
immunohistochemical, and molecular features, or clinical 
outcome.“ It is not established as to whether these prolif- 
erations are true neoplasms or exuberant reactions**°; some 
consider IMTs to be neoplasms of uncertain malignant 
potential.*”’ 

About 11 cases of IMT involving the prostate have been 
reported,**“'' with 7 of these cases designated as postop- 
erative spindle cell nodule.“**!° These seven men were of 
an average age of 65 (range 45 to 79) and presented with 
obstruction and hematuria at a mean of 2 months (range 1 to 
3 months) after TURP or transurethral resection of the uri- 
nary bladder. The gross appearance by cystoscopic examina- 
tion was that of an “unusual-appearing mass or heaped-up 
tumor.”4°8 The tumors measure from 0.5 to 4 cm in greatest 
dimension. Microscopically, there is an infiltrative, uniform, 
spindle cell proliferation that can infiltrate and efface stroma. 
Interlacing fascicles can be formed by the plump spindle cells, 
which have cytologically bland nuclei, and abundant eosino- 
philic to amphophilic cytoplasm. There is a background of 
delicate blood vessels, with edema, focal hemorrhage, and 
scattered chronic inflammatory cells typically present. The 
mitotic rate is variable but can be extremely high, ranging 
up to 25 mitotic figures per 10 high-power fields. Abnormal 
mitoses should not be seen. Vimentin, SMA, and desmin 
immunostains are positive. The most important differential 
diagnostic consideration is a prostatic sarcoma, and indeed, 
five of the seven cases were initially diagnosed as leiomyo- 
sarcoma. Sarcomatoid carcinoma is also in the differential 
diagnosis but both prostatic sarcomas and sarcomatoid car- 
cinomas should display a greater degree of nuclear atypia 
than prostatic IMT and additionally may exhibit necrosis 
and atypical mitotic figures. Furthermore, sarcomatoid car- 
cinoma may possess an epithelioid component. The immu- 
nophenotype of IMT can overlap with leiomyosarcoma and 
sarcomatoid carcinoma, with desmin, vimentin, SMA, and 
cytokeratin expression potentially found in all three entities. 
ALK immunostaining and FISH for ALK gene breakapart 
rearrangements can be helpful in diagnosis of IMT*”’; sar- 
comas and sarcomatoid carcinomas will lack these ALK 
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abnormalities. IMTs of the prostate usually follow a benign 
course, although incomplete surgical excision can lead to 
recurrence in about one-quarter of cases. 


Pigment Disorders 


Melanosis, blue nevus, and ochronosis are benign pigmen- 
tary conditions found in the prostate. 

Melanosis is defined as the appearance of melanin in 
glandular epithelium, with or without stromal melanocytes. 
In the past, cases of lipofuscin pigment in prostatic epithe- 
lium have been mistaken for melanosis, due to interpretation 
of a positive Lillie’s ferrous iron stain and positive Fontana- 
Masson stains as being indicative of melanin, but these 
stains are not specific for melanin. (A Luxol fast blue histo- 
chemical stain will distinguish lipofuscin from melanin, with 
lipofuscin staining blue and melanin being negative.) True 
melanosis with an ultrastructural finding of melanosomes 
in prostatic epithelium is extremely rare, with two reported 
cases.*'?4!3 These two men, aged 64 and 75 years, underwent 
TURP for BPH symptoms. Grossly, the prostatic chips were 
black. Microscopically, finely granular brown to black pig- 
ment was present in the cytoplasm of stromal cells and in 
the cytoplasm of benign and malignant epithelial cells. The 
stromal cells were rounded, polygonal, or spindled, with 
dendritic cytoplasmic processes.“ The pigmented stromal 
cells were S100 positive in immunohistochemistry and by 
electron microscopy contained melanosomes of differing 
maturation states, while the epithelial cells harbored mature 
stage IV melanosomes.*!*“3 It was suggested that melanin 
in the prostatic epithelium was a result of transfer from the 
stromal melanocytes. 

Blue nevus in the prostate is similar to its counterpart in 
the dermis of the skin, with the presence of stromal mel- 
anin-laden spindle cells. About 24 cases of prostatic blue 
nevus have been reported in detail.*!?4!*4"° It is an incidental 
histologic finding, usually seen in patients who underwent 
transurethral or simple prostatectomy for BPH symptoms. 
The average age at detection is 66 (range 50 to 80 years). 
Grossly, brown to black areas measuring 0.1 to 2 cm in 
greatest dimension can be visualized. Microscopically, 
finely granular brown to black pigment is identified in stro- 
mal cells and sometimes in extracellular matrix (Fig. 8-109). 
The pigmented stromal cells are often haphazardly dis- 
persed with single cells and clumps of cells. A pattern of 
concentric arrangement around glands and vessels has also 
been described. These pigment-laden cells are spindled, 
with bipolar, long, dendritic, cytoplasmic processes but the 
cell shape can also be round, ovoid, or polygonal. Useful 
histochemical reactions include Fontana-Masson positivity 
with loss of staining after potassium permanganate bleach- 
ing, coupled with a negative Luxol fast blue stain. The pig- 
mented cells are positive by S100 immunohistochemistry. 
Ultrastructural examination shows melanosomes of vari- 
able maturation in the cytoplasm. Blue nevus is not a risk 
factor for subsequent development of malignancy, such as 
melanoma. 
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pigmentation in single spindle cells and clumps of stromal cells. 


The major entities in differential diagnosis of melanosis 
and blue nevus are stromal hemosiderin-laden macrophages, 
epithelial lipofuscin, and malignant melanoma. Hemosiderin 
forms larger aggregates of golden yellow pigment and an 
iron histochemical stain is positive. The histochemical dis- 
tinction of lipofuscin and melanin can be accomplished, as 
noted above, with a Luxol fast blue stain. Malignant mela- 
noma can rarely be seen in the prostate, but the clinical con- 
text is usually a patient with known widespread metastases. 

Ochronosis of the prostate has been reported in a single 
patient.“ Ochronosis is the clinical sequela of alkaptonuria, a 
rare hereditary metabolic disorder. The patient had a rock-hard 
prostate by DRE and sections of needle biopsy tissues showed 
dark brown melanin-like pigment, representing homogentisic 
acid, in corpora amylacea and prostatic epithelium. 


Amyloid 


Amyloid can be found in the prostate as an incidental finding 
in corpora amylacea, stroma, and blood vessels. Amyloid 
in corpora amylacea is detected by Congo red staining, with 
apple-green birefringence obtained by crossed polarizing 
filters. The amyloid proteins in prostatic corpora amylacea 
are B2 microglobulin and S100A8/A9 proteins.*!?*” The 
reported incidence of prostatic amyloid is 0.6%! to 10%*!8; 
the reason for this wide range is not clear. The average age of 
patients with prostatic amyloidosis ranges from 66*'* to 86.4” 
Secondary, incidental amyloidosis has been reported in 
patients with multiple myeloma, with an incidence of 38%.*"8 
No gross abnormalities attributable to prostatic amyloid 
deposition have been described. Microscopically, amyloid in 
prostatic stroma presents as irregular nodules of amorphous, 
highly eosinophilic material.” The amount and location 
of the stromal amyloid are variable. Congo red and crystal 
violet histochemical stains have been used in the identifica- 
tion of prostatic amyloid. The pathogenetic basis for primary 
accumulation of amyloid in the prostate is not known. 


Endometriosis 


A single case of endometriosis in the prostate has been 
reported.** This 78-year-old man was diagnosed with pros- 
tatic adenocarcinoma and then took the estrogen chlorotri- 
anisene for almost 6 years before developing hematuria. 
A transurethral resection of a small, raised prostatic urethral 
nodule was performed and microscopic examination of the 
prostatic chip sections revealed endometriotic stroma and 
hemosiderin. 


Extramedullary Hematopoiesis 


Extramedullary hematopoiesis in the prostate was reported 
in a 75-year-old man with an 8-year history of myelofi- 
brosis, with massive splenomegaly and a 5-year history of 
bladder outlet obstruction symptoms.*?? TURP produced 
chips that showed, on microscopic examination, increased 
stromal cellularity due to immature granulocytes, erythroid 
precursors, and atypical megakaryocytes. These imma- 
ture hematopoietic elements were observed in perivascu- 
lar and intravascular locations. A chloroacetate esterase 
(Leder) stain was positive in the immature granulocytes. 
The atypical megakaryocytes initially were concerning for 
a stromal neoplasm; identification of associated erythroid 
and myeloid precursors was crucial in ruling out a stromal 
neoplasm. 


Diagnostic and Treatment-Related 
Alterations in Benign Prostate 


Biopsy and Surgery 


Diagnostic needle biopsy can rarely induce granuloma- 
tous inflammation as noted above. More commonly there 
is a fibroinflammtory response to the needle biopsy proce- 
dure, with granulation tissue formation, and generation of 
a fibrous needle track scar (Fig. 8-110), sometimes with 
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Figure 8-110 Œ Needle track scar in radical prostatectomy 
tissue. 
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creation of a cavity.*”° Reparative epithelial atypia, including 
squamous metaplasia with atypia, may be seen at the edges 
of the fibrous scar. It is uncommon to visualize a long seg- 
ment of the scar; usually only focal scarring is seen, repre- 
senting oblique sectioning of a small portion of the linear 
fibrous track. It is likely that adjacent hemorrhage and acute 
inflammation are also induced by needle biopsy. Needle 
track seeding of benign tissue by carcinoma can occur but is 
rare with use of 18-gauge needles.*°°*”’ 

TURP can also induce distinctive granulomatous inflam- 
mation (see above section of postresection granulomatous 
inflammation for details). Post-TUR there can also be for- 
mation of central cavity, with squamous metaplasia of the 
prostatic urethra and surrounding periurethral fibrosis. In the 
TURP chips benign tissue at the edge of the chips can exhibit 
distortion and thermal injury (cautery)—induced changes. 
At times, this damage can cause difficulty in ascertainment 
of the nature of the cauterized/distorted epithelium. On occa- 
sion, when there is suspicion of malignancy, examination of 
additional H&E-stained levels and/or immunohistochemical 
stains for basal cells** and AMACR can be diagnostically 
helpful in arguing for or against a diagnosis of carcinoma in 
the setting of cautery/distortion damage. 

Similarly, crushed, distorted cells/glands at the edge of 
radical prostatectomy margin sections secondary to the 
surgical procedure can be difficult to interpret as benign 
or malignant. Again, study of H&E-stained levels and/or 
employment of an AMACR/p63/34BE12 cocktail immunos- 
tain can be diagnostically advantageous.*”® 


Hormonal Therapy 


Endocrine or androgen deprivation therapy is a common treat- 
ment modality for patients with locally advanced or metastatic 
prostate cancer. The major methods of androgen deprivation 
include orchiectomy, estrogen therapy, luteinizing-releasing 
hormone agonists, steroidal antiandrogens (such as cyprot- 
erone and megestrol), nonsteroidal antiandrogens (such as 
flutamide, nilutamide, and bicalutamide), and nonclassical 
antiandrogens (such as ketokonazole, aminoglutethimide, 
and the 5o-reductase inhibitors finasteride and dutasteride). 
The pathologic effects of different androgen deprivation 
therapies on benign prostatic tissue are similar, with the excep- 
tions of estrogen therapy and 5a-reductase inhibitor use.””?**° 
Grossly, prostates treated with neoadjuvant hormonal therapy 
are small and nodules of hyperplasia are more difficult to 
identify compared with untreated glands.*! Microscopically, 
the general impression at scanning magnification is stro- 
mal dominance (Fig. 8-111). This is due to a global decrease 
in size and number of benign prostatic glands.*? Normal"? 
and hyperplastic glands are simplified in that they lose their 
branching complexity and intraluminal undulations and appear 
small, ovoid, round, or comma-shaped (Fig. 8-112). The 
secretory luminal epithelium is often atrophic, with loss of 
cytoplasmic volume, and displays nuclear pyknosis and cyto- 
plasmic clearing. Basal cell prominence and hyperplasia are 
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Figure 8-111 E Androgen deprivation therapy effect on 
benign prostate: stromal dominance with diffuse glandular atrophy. 
The whorled structure in the center of the field is a BPH nodule 
with hormonal therapy effect. 


also characteristic responses of benign glands to withdrawal 
of androgens (Fig. 8-112). The frequency of squamous meta- 
plasia is variable, depending on the study, ranging from 0%** 
to 53%.’ Urothelial metaplasia is not usually associated with 
androgen deprivation therapy but was common in one series.’ 
Stromal changes other than the relative increase in area are 
not prominent. Focal stromal hyperplasia and scattered lym- 
phocytes have been reported.®! Androgen deprivation causes 
epithelial involution in BPH nodules by a combined reduction 
in proliferative activity and enhancement of apoptosis. The 
histomorphologic effects of androgen deprivation therapy can 
persist for years. Estrogen therapy, in addition to these changes, 
can result in glycogenated squamous metaplasia (Fig. 8-64). 
Atrophy and basal cell hyperplasia caused by androgen depri- 
vation should not be confused with adenocarcinoma. The same 
principles in differential diagnosis as for atrophy and basal 
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Figure 8-112 W Androgen deprivation therapy effect on 
benign prostate: atrophy and basal cell prominence. 
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cell hyperplasia seen in the absence of androgen deprivation 
therapy (see above sections) should be employed. p63 and 
high-molecular-weight cytokeratin expression is not altered by 
hormonal therapy and are valuable basal cell markers in this 
setting. 

The 5œ-reductase inhibitors finasteride (which inhibits 
the type 2 isoenzyme) and dutasteride (which inhibits both 
the type 1 and type 2 isozymes) have been used to treat BPH 
and in prostate cancer chemoprevention clinical trials. Their 
histologic effects are more pronounced on benign prostatic 
tissue compared to PIN and carcinoma. These drugs decrease 
gland size, with an estimated 20% to 30% reduction in vol- 
ume.**! Microscopically, atrophy and smaller nuclei and 
nucleoli have been described in benign prostatic glands.4°“"! 
Secretory cells with treatment effect exhibit shrunken 
nuclei, condensed chromatin, inconspicuous nucleoli, and 
cytoplasmic clearing. Basal cell prominence may be seen. 
Finasteride induces prostatic involution in benign tissues via 
atrophy and cell death.**° Apoptotic cell death is seen at 16 to 
18 days** and long-term treatment of 24 to 40 months leads 
to progressive contraction of both transition zone and periph- 
eral zone epithelium.*** There is a corresponding increase in 
stromal-epithelial ratio. Dutasteride-treated benign prostatic 
tissue shows similar features, with a significant decrease in 
epithelial cell height and width.“7** 


Radiation Therapy 


Radiation therapy changes are seen most commonly in pros- 
tate needle cores procured in rebiopsy procedures after radi- 
ation therapy for established prostate cancer. Whole prostate 
glands are available for examination when radical salvage 
radical prostatectomy is performed for radioresistant locally 
recurrent prostate cancer. This salvage procedure is uncom- 
monly done, and these patients have often been treated 
with both radiation and hormonal therapy prior to surgery. 
Microscopically, radiation-treated benign prostatic tissue 
shows extensive atrophy, cytologic atypia, and basal cell 
prominence or hyperplasia. As for hormonal therapy 
effect, the glandular atrophy generates an appearance of stro- 
mal dominance (Fig. 8-113). Both the size and number of 
benign glands are reduced. Atrophy is evident in the form of 
glandular luminal cytoplasmic volume loss. Basal cells are 
often prominent or hyperplastic and can display pronounced 
nuclear atypia, with nucleomegaly and nucleolomegaly 
(Fig. 8-114). Nuclear pleomorphism can also be striking with 
variations in nuclear size and shape. In addition to enlarge- 
ment, some nuclei may be shrunken and pyknotic.“***° The 
atypical nuclei may have a vacuolated or smudged hyper- 
chromatic appearance.” Cytoplasmic changes include vacu- 
olization, mucinous metaplasia, and squamous metaplasia. 
The stroma is fibrotic and may show chronic inflammation, 
foreign body giant cell reaction to extruded corpora amylacea, 
and, in a minority of cases, edema, calcification, and atypical 
radiation fibroblasts. Severe vascular damage with intimal 
and media thickening, medial hyalinization, and luminal nar- 
rowing is often noted. The degree of radiation-related change 


Figure 8-113 E Radiation treatment effect on benign pros- 
tate: stromal dominance with glandular atrophy. 


is related to the dose and duration of radiation, method of 
radiation therapy delivery (brachytherapy and/or external 
beam radiotherapy), and time from radiotherapy.*”” There is 
a greater degree of stromal fibrosis and glandular epithelial 
atypia in patients treated with brachytherapy or combined 
brachytherapy/external beam radiotherapy compared to 
external beam therapy alone.*”” For external beam radiation 
therapy, there is less atypia after 4 years. 

The differential diagnosis of irradiated, atypical benign 
glands centers on adenocarcinoma. Irradiated benign glands 
can appear infiltrative, especially when they are atrophic and 
distorted by stromal sclerosis. The nuclear atypia in irra- 
diated benign glands can be significant and indeed in one 
morphometric study the nuclear size of irradiated benign 
glandular nuclei was actually greater than that of irradiated 
prostatic adenocarcinoma nuclei. The nuclear atypia in basal 
cells, which can be mistaken for neoplastic-type nuclear 
atypia, can persist for years.” Immunohistochemical stains 
can be extremely valuable in the diagnostic distinction of 
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epithelium: nuclear atypia. 
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Figure 8-115 W Radiation therapy effect on benign prostate (A) with confirmation of basal cell presence using “triple stain” immu- 
nohistochemistry with AMACR, 34BE12, and p63 antibodies (B). Brown—basal cell staining. Red stain indicating AMACR expression is 


absent (B). 


radiation atypia in benign glands versus adenocarcinoma. 
Many of the atypical epithelial cells are basal cells and 
so will be highlighted by p63 and 34BE12 immunostains 
(Fig. 8-115).78129+4446-48 A negative AMACR immunostain 
can also be contributory; expression of this enzyme is main- 
tained in most irradiated prostatic carcinomas and is negative 
in benign irradiated glands.*° PSA and PSAP immunostains 
will tend to mark adenocarcinoma rather than irradiated 
benign glands“**'4™ but these immunostains are not usu- 
ally necessary when p63/34BE12 and AMACR immunos- 
taining is done. Immunostains are not needed in every case 
with radiation atypia but one should have a low threshold for 
performance of such ancillary staining. 


Cryotherapy 


Cryotherapy to treat prostate cancer involves freezing the 
prostate gland, creating an intraprostatic ice ball by use of 
cryoprobes placed under ultrasound guidance.*** Ultrasound 
is used to monitor the size of the ice ball. Histologic changes 
in benign prostatic tissue depend on the time of tissue sam- 
pling after treatment. Edema and hemorrhage are seen imme- 
diately after freezing and in the first posttreatment week.*° 
Necrosis is found 10 days to 30 weeks after freezing.” 
Reparative alterations with stromal fibrosis, hyalinization, 
and inflammation predominate after 10 weeks.*° At 5 to 
48 weeks after cryotherapy the most common microscopic 
findings in prostate needle biopsy tissue sections are stromal 
fibrosis and hyalinization (Fig. 8-116), basal cell hyperpla- 
sia, coagulative necrosis, and inflammation.” !?75457 This tis- 
sue damage can persist beyond 1 year.**’ Immunostains for 
basal cells and AMACR can be useful tools in confirming a 
benign diagnosis in cases with reactive epithelial atypia.**! 


Chemotherapy 


Chemotherapy and in particular docetaxel is usually reserved 
for patients with castration-resistant (hormone-refractory) 


metastatic prostate cancer although it has also been used 
in neoadjuvant protocols prior to radical prostatectomy. In 
these trials docetaxel has been used as a single agent, or in 
combination with hormones or etoposide. Only one report 
on use of docetaxel as a single agent prior to radical pros- 
tatectomy describes the effect on benign prostatic tissue.** 
Most benign prostatic glands showed prominent basal cells 
and urothelial metaplasia after docetaxel treatment. 


Medical Therapy for BPH 


Medical therapies for BPH include a-adrenergic block- 
ers, aromatase inhibitors, and various plant extracts, and 
5a-reductase inhibitors (discussed above).*” Little is 
known of the histologic changes, if any, induced by the 
first three of these therapies. Alpha-adrenoreceptor antago- 
nists cause relaxation of prostate and bladder neck smooth 
muscle. There is a suggestion that doxazosin and terazo- 
sin can induce apoptosis in prostatic epithelial and smooth 
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Figure 8-116 E Cryotherapy effect on benign prostate: hya- 
linization and fibrosis. 
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muscle cells, with loss of smooth muscle cells,*°°**! and that 
naftopidil can decrease cell proliferation index in epithelial 
and stromal cells.“ A large number of plant extracts are 
available to treat symptoms of BPH.*” In two studies on 
Sabal serrulata (saw palmetto) there a reduction in stro- 
mal edema and inflammation, and an increase in epithelial 
atrophy. However, a recent clinical trial of saw palmetto 
showed no improvement of symptoms or objective measures 
of BPH,*® so the clinical significance of the histologic alter- 
ations is unclear. 


Minimally Invasive Therapy for BPH and 
Prostate Cancer 


There are a number of minimally invasive therapies for 
BPH that serve as alternatives to medical therapy and 
TURP. These include laser therapy, transurethral microwave 
therapy, transurethral balloon dilation of the prostate, trans- 
urethral electrovaporization, transurethral needle ablation, 
water-induced thermotherapy, transurethral ethanol ablation 
of the prostate, and intraurethral stents.*°° The first two of 
these have also been used on an experimental basis to treat 
prostate cancer, as have radiofrequency interstitial tumor 
ablation and high-intensity focused ultrasound. In many of 
these procedures, tissue is not submitted for examination, 
although needle biopsy could be performed in follow-up of 
treatment for prostate cancer so it is important to be aware 
of treatment effects on benign tissue. Heat-induced damage 
from laser therapy, microwave therapy, ultrasound hyperther- 
mia, balloon thermotherapy, and radiofrequency is manifest 
as sharply circumscribed hemorrhagic coagulative necro- 
sis, with subsequent formation of granulation tissue! and 
fibrosis. As a specific example, consider the hyperthermia 
damage caused by laser treatment. Lasers introduced into 
the prostatic urethra can induce prostate ablation via coagu- 
lative necrosis, incision, or contact vaporization of tissues. 
The histomorphologic effects are variable and dependent on 
the amount of energy delivered, tissue contact, and time after 
treatment.**”** Immediately after therapy a black eschar 
can be seen. At 24 hours, acute inflammation and edema 
are noted.* By 1 week there are wide zones of coagulative 
necrosis, with a rim of inflammation and hemorrhage; dilated 
vessels, vascular thrombosis, and squamous metaplasia are 
seen adjacent to the necrotic tissue. Sloughing of the coagu- 
lated tissue occurs by 7 weeks. At 10 to 12 weeks a periure- 
thral cavity can be found*”’ with a reepithelialized surface 
and a rim of inflammation and squamous metaplasia. At 
1 year, ischemic damage and squamous metaplasia persist.*® 


THE SEMINAL VESICLES 


Function 


The physiologic function of the seminal vesicle is to secrete 
fluid that is important for sperm function. These secre- 
tions, which constitute the majority of the ejaculate volume, 


contain ions, fructose, prostaglandins, and proteins such as 
semenogelin, the scaffold protein for the semen coagulate 
and substrate for PSA. Seminal vesicle secretions appear to 
function specifically in nutrition and modification of sperm 
motility, in formation of the seminal coagulum, and possibly 
in immunosuppression and antibacterial actions. 


Normal Embryology, Anatomy, and Histology 
Embryology 


The seminal vesicles begin initial development at 12 weeks 
as outpouchings or bulbous swellings of the lower portion of 
the Wolffian ducts near the urogenital sinus.*’' The tubular 
vesicle then elongates and numerous diverticula form. This 
branching morphogenesis requires androgens as well as bidi- 
rectional paracrine signaling involving members of the fibro- 
blast growth factor, Hedgehog, and transforming growth 
factor-beta families.*’” Mucosal folding and complexity 
increase in the reproductive years until around age 45.47! The 
central zone of the prostate, ejaculatory duct, and the semi- 
nal vesicles share a common origin from the Wolffian ducts. 


Anatomy 


The seminal vesicles are paired, coiled, and tubular male sex 
accessory glands.4°4474 They lie posterolateral to the 
base of the urinary bladder and anterior to Denonvilliers fas- 
cia (Figs. 8-2 and 8-3). A short excretory duct from the semi- 
nal vesicle joins the ampulla of the vasa differentia to form 
the paired ejaculatory ducts, which course through the base 
and central zone of the prostate to the prostatic urethra. The 
normal adult seminal vesicle is 3.5 to 7.5 cm in length and 
1.2 to 2.4 cm in width. The mean weight is 7.5 g (range 5.8 to 
8.8 g).4” Cut surfaces show luminal convolutions and a thick 
muscular wall (Fig. 8-117). The blood supply to the seminal 
vesicle is from the vesiculodeferential artery, a branch of the 
umbilical artery, with an occasional contribution from the 
inferior vesicle artery.*”” Venous drainage is via the vesicu- 
lodeferential veins and inferior vesical veins. Lymphatic 


Figure 8-117 Œ Seminal vesicle: cut surfaces show convolu- 
tions and smooth muscle wall surrounding luminal spaces. 
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and mucosa, with surrounding smooth muscle wall and periseminal 
vesicle adipose tissue. 


drainage is to the internal iliac lymph nodes.*” Innervation is 
by the pelvic nerve and hypogastric nerve. Microscopically, 
nerves can be seen in soft tissue surrounding the seminal 
vesicle and in the smooth muscle wall of the seminal vesicle. 


Histology 


Microscopically, there are four major anatomic compart- 
ments—the lumen, the mucosa, the smooth muscle wall, 
and surrounding fibroadipose tissue (Figs. 8-118 and 8-119). 
The seminal vesicle displays a large central lumen with six 
to eight primary branches and several secondary branches.*” 
The luminal space may contain proteinaceous fluid, sloughed 
epithelial cells and cellular debris, refluxed spermatozoa, and 
crystalloids.*”'*4*”> These seminal vesicle crystalloids are 
larger with curved or blunt angles and plate-like secretions 
(Fig. 8-120) compared to prostatic intraluminal crystalloids.*”° 


"= 


Figure 8-119 W Normal seminal vesicle mucosa with 
crowded acini. 
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Figure 8-120 W Intraluminal seminal vesicle crystalloids. 


The seminal vesicle epithelium is composed of ducts 
and acini with a two-cell-lining layer of secretory cells and 
basal cells (Fig. 8-121). Many of the secretory cells harbor 
a large amount of intracytoplasmic pigment that varies in 
coloration from golden yellow (Fig. 8-122) to pale brown 
to gray-brown, blue, or pink. This pigment is not specific 
for seminal vesicle epithelium and may also be seen in epi- 
thelium of the ejaculatory ducts and the ampulla of the vas 
deferens and also in prostatic epithelium.*°**”° The seminal 
vesicle golden-yellow lipofuscin pigment is more abundant, 
coarser, larger, and more refractile than the prostatic epithe- 
lial pigment.?>4”° Luminal cell nuclei are variable in appear- 
ance, with scattered nuclei exhibiting enlargement and 
marked degenerative-type hyperchromasia*’””*’§ (Figs. 8-121 
to 8-123). This variability in nuclear features can help distin- 
guish seminal vesicle epithelium from prostatic epithelium, 
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Figure 8-121 W Benign seminal vesicle epithelium with 


nuclear atypia. Basal cells may be difficult to identify on H&E- 
stained sections. 
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Figure 8-122 W Benign seminal vesicle with intracytoplas- 
mic pigment and nuclear atypia. 


both neoplastic and nonneoplastic, which displays more uni- 
form nuclei. Giant cell carcinomas of the prostate do exist 
but are exceedingly rare and the giant cells do not have the 
smudged chromatin of the large normal seminal vesicle epi- 
thelial cells. Seminal vesicle nuclei may harbor prominent 
nucleoli (Fig. 8-124), which can be confused with prostatic 
neoplastic nuclei. Another characteristic of secretory cell 
nuclei is the presence of intranuclear cytoplasmic protru- 
sions, which are seen in a few cells in most seminal vesicles. 
The seminal vesicle nuclear atypia does not indicate dyspla- 
sia or malignancy. 

The smooth muscle wall of the seminal vesicle has a thin 
external longitudinal layer and a thicker internal circular 
layer (Fig. 8-125). Uncommonly, small hyaline globules are 
seen in the wall. These structures probably represent degen- 
erated smooth muscle cells. Two cases of intracellular stro- 
mal lipofuscinosis have been reported.*” This finding should 
not be mistaken for a melanocytic process. 


Figure 8-123 E Benign seminal vesicle epithelium, with 
nuclear atypia, inadvertently sampled in biopsy of prostate gland. 


Figure 8-124 E Prominent nucleoli in benign seminal ves- 
icle epithelium. 


Fibroadipose tissue with blood vessels and nerves is iden- 
tified at the base of the seminal vesicles excised in radical 
prostatectomy specimens (Fig. 8-126). 


Immunohistology 


The seminal vesicle epithelial basal cells are positive for 
high-molecular-weight cytokeratins**° and p63 (Fig. 8-127). 
The luminal cells in the epithelium react with AE1/AE3 and 
CAMS.2 cytokeratin antibodies and with antibodies to MUC6 
and PAX-2. These latter two markers are present in seminal 
vesicle and ejaculatory duct epithelium but not in prostatic 
adenocarcinoma.**'+** AMACR, also known as P504S, is 
negative in seminal vesicle epithelium and positive in most 
prostatic adenocarcinomas.“ An AMACR/p63 or AMACR/ 
p63/34betaE 12 cocktail immunostain is useful in distinguish- 
ing seminal vesicle epithelium from prostatic carcinoma** 
(Fig. 8-128). PSA and PSAP immunostains are also negative 
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Figure 8-125 E Normal seminal vesicle smooth muscle wall 


with inner circular and outer longitudinal layers. Note peripheral 
nerve inside wall and also in periseminal vesicle soft tissue. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


Chapter 8 W Nonneoplastic Diseases of the Prostate and Seminal Vesicles 545 


Figure 8-126 E Triangular-shaped soft tissue between pros- 
tate (upper right) and seminal vesicle (lower right). A common 
mode of spread of prostatic carcinoma into the seminal vesicle is 
via extraprostatic extension into this soft tissue, with growth into 
the outer aspect of the seminal vesicle wall. 


in seminal vesicle epithelium, as long as monoclonal rather 
than polyclonal antibodies are used.47°481485486 


Ultrastructural Features 


The columnar secretory cells have microvilli, numerous 
mitochondria, and a well-developed rough endoplasmic 
reticulum. 


Malformations 


Developmental abnormalities of the seminal vesicle are rare. 
In one large postmortem examination series, the incidence 
was 0.05%.**’ The incidence is higher in infertile patients, 


FiGuRE 8-127 E Seminal vesicle basal cells, detected with 
“triple stain” comprising 34BE12 and p63 antibodies (brown chro- 
mogen). The AMACR antibody is nonreactive with normal seminal 
vesicle epithelium; a positive reaction is red. 
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Figure 8-128 E Seminal vesicle wall invasion by prostatic 
adenocarcinoma, as demonstrated by “triple stain.” Benign seminal 
vesicle epithelium, with basal cells marked by brown chromogen, 
is on left. AMACR-positive (red chromogen), basal cell—negative 
prostatic adenocarcinoma is invading the seminal vesicle wall on 
the right. 
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at about 6%.5438 Radiologic imaging, especially magnetic 
resonance imaging, is useful in clinical diagnosis of congen- 
ital anomalies of the seminal vesicle.**” 

Agenesis, or absence of seminal vesicle due to failure 
to form, may be unilateral or bilateral. Unilateral agenesis 
of the seminal vesicle is frequently associated with an ipsi- 
lateral absence of the vas deferens and kidney, and may be 
associated with ipsilateral central zone agenesis.” These 
anomalies occur when an embryologic insult affects the ure- 
teric bud and mesonephric duct prior to their separation at 
7 weeks of gestation.*! Bilateral absence of the seminal ves- 
icles is often present in conjunction with a bilateral absence 
of the vas deferens in men who are carriers for the cystic 
fibrosis transmembrane conductance regulator (CTFR) 
gene mutation in cystic fibrosis.“ Anywhere from 
60% to 100% of men with bilateral seminal vesicle agenesis 
are carriers of a CTFR mutation. A high percentage of men 
with overt cystic fibrosis have congenital bilateral absence 
of vas deferens and lack a seminal vesicle.*” A few cases of 
seminal vesicle hypoplasia, fusion,®° and duplications**** 
have been reported. 

Ureterovesicular fistulas can occur as malformations 
and represent implantation and drainage of an ectopic ure- 
ter into the seminal vesicles. This anomaly is caused 
by an abnormally high cranial origin of the ureteric bud on 
the mesonephric duct, with resultant delayed absorption and 
ectopic insertion of the ureter into the posterior urethra, vas 
deferens, ejaculatory ducts, or seminal vesicle. The ecto- 
pic ureter often drains into a cystic seminal vesicle. 

Other forms of ectopia in the seminal vesicle include 
rare examples of vasa deferentia opening into a semi- 
nal vesicle cyst*”’ and benign prostatic tissue in a seminal 
vesicle wall (Fig. 8-129). There are two reported cases of 
benign ectopic prostatic tissue in the seminal vesicle.??4°8 
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Figure 8-129 E Ectopic benign prostatic tissue in seminal 
vesicle wall: a rare finding. 


Benignancy in one case was substantiated by the histomor- 
phologic appearance in conjunction with basal cell presence 
as verified by 34BE12 immunohistochemistry.” The glands 
formed a 5-mm nodule in the seminal vesicle wall, had a 
cribriform pattern, resembled benign central zone glands, 
and were PSA and PSAP positive. In contrast, prostatic 
adenocarcinoma would exhibit nuclear atypia and basal cell 
absence. 


Cysts 


Seminal vesicle cysts are rare, with an incidence of 
0.001%.*”? About 135 cases have been reported. Seminal 
vesicle cysts may be congenital or acquired. Acquired 
cysts are often bilateral and typically develop due to ejacu- 
latory duct obstruction secondary to chronic prostatitis or 
prostate surgery. Congenital cysts are associated with anom- 
alies of the ipsilateral mesonephric duct, such as ipsilateral 
renal agenesis and ureteral ectopia in the cyst.°°'*° Seminal 
vesicle cysts are also linked with autosomal dominant poly- 
cystic kidney disease.“ From 20% to 60% of patients 
with autosomal dominant polycystic kidney disease have 
seminal vesicle cysts. Other associations include hemiver- 
tebra, infertility, absence or atresia of the vas deferens, and 
ipsilateral absence of the testis.°° 

Most seminal vesicle cysts are <5 cm, unilateral, and 
asymptomatic. These cysts are usually detected incidentally 
as a palpable abdominal mass or as a fluctuant mass on DRE. 
Symptomatic men present in the second to fourth decades 
of life (range 3 to 63 years). Symptoms include dysuria, fre- 
quency, hematuria, perineal pain, postejaculatory pain, and 
scrotal pain.” Cysts >12 cm have been designated giant 
cysts and these patients often present with symptoms related 
to urinary bladder and/or colonic obstruction secondary to 
mass effect.*°' Ultrasound and MRI examinations are diag- 
nostic.**? Surgical excision is usually reserved for symptom- 
atic cysts. 
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vesicle mucosa. 


Histologic sections of seminal vesicle cysts show a uni- 
locular cyst with a flattened mucosa (Fig. 8-130) and epi- 
thelium, with or without ulceration. Acute and chronic 
inflammatory cell infiltrates may be seen in a fibrotic wall. 
The cyst lumen may contain red blood cells, inflammatory 
cells, and/or spermatozoa.*” In five cases a neoplasm has 
been discovered in a benign seminal vesicle cyst.°%>!° Four 
cases were carcinoma and one was classified as a “meso- 
nephroid tumor.”*!° The carcinomas were squamous cell car- 
cinoma,” papillary/mucinous adenocarcinoma,” papillary 
adenocarcinoma,” and tubulopapillary adenocarcinoma.*” 
Of note, the last two cases were of young patients aged 
17 and 19 years. 

The differential diagnosis for benign seminal vesicle 
cysts should focus on prostatic cysts and miillerian duct 
cysts. Seminal vesicle cysts are lateral, like prostatic cysts, 
but unlike prostatic cysts, sperm is present in the cyst con- 
tents of seminal vesicle cysts. Also, symptomatic seminal 
vesicle cysts tend to occur in younger patients (second to 
fourth decades) compared to prostatic cysts, which are usu- 
ally found in patients over 50 years of age. Finally, the lin- 
ing layer in seminal vesicle cysts is PSA and PSAP negative 
while prostatic cyst epithelial linings are PSA and PSAP 
positive in immunohistochemistry. In contrast to seminal 
vesicle cysts, miillerian duct cysts are midline and lack 
sperm in the cystic cavity. 


Inflammation and Infection 


Clinical seminal vesiculitis is rare in the United States. 
Incidental histologically detected inflammatory cell infil- 
trates (Fig. 8-131) are also uncommon, in stark contrast to 
the common finding of incidental histologic inflammation in 
the prostate. Clinical prostatitis and epididymitis are associ- 
ated with seminal vesiculitis.*'! In patients with prostatitis, 
the seminal vesiculitis is frequently due to enteric bacteria. 
Seminal vesicle abscess formation is rare.°>!” Patients with 
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Figure 8-131 WE Chronic seminal vesiculitis. 


diabetes, urinary tract infection, prolonged catheterization, 
and anatomical anomalies are also predisposed to abscess 
development.° MRI is the modality of choice for visualiza- 
tion of seminal vesicle abscess. Abscess aspiration or puncture 
followed by culture has demonstrated that Staphylococcus 
aureus and E. coli are the most common organisms in the 
abscesses. Other organisms that have been identified in a few 
cases of seminal vesicle abscess include Mycobacteria,*" 
CMV,>!* Schistosoma,>'? and Echinococcus.*'® One case was 
polymicrobial in a renal transplant patient.*'’ Single cases 
of infectious agent—associated histologic entities include 
seminal vesicle malakoplakia*!* and seminal vesicle BCG 
granulomas.>”” 

Inflammation of the seminal vesicle blood vessels has 
been reported as an incidental finding in two radical prosta- 
tectomy cases.*”° This necrotizing vasculitis was not associ- 
ated with a systemic vasculitis. 


Calcification and Calculi 


Dystrophic calcification in the wall of the seminal vesicle is 
clinically rare,°?! but is common as an incidental histologic 
finding.°” Clinically, it is often associated with calcifica- 
tion of the vas deferens, particularly in diabetic patients. 
The histologic incidence is 58% in radical prostatectomy 
and cystoprostatectomy specimens." Microscopically, cal- 
cifications can be found in glands and/or stroma, and are 
usually mild in degree of calcium deposition.*”? Bony meta- 
plasia has also been found in a few patients.°”? Calcification 
in the seminal vesicle has no known functional or clinical 
significance. 

Stones are also rare in the seminal vesicle.***>*° Seminal 
vesicle lithiasis is usually due to obstruction and/or infec- 
tion. The stones are smooth, hard, and are composed of 
a nucleus of epithelial cells, mucoid material, and a covering 
of lime salts. Size ranges from 1 mm to 3 cm.*7° Symptomatic 
stones are treated by open vesiculectomy. 
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Amyloid 


Amyloid deposition in the wall of the seminal vesicle may 
be seen as an incidental, localized finding in 5% to 10% 
of prostates from radical prostatectomy and autopsy.°??>°° 
The incidence range at autopsy is 1% to 19%. Incidence 
is related to age, with the highest incidence reported for 
men over 75.°”? Amyloid in the seminal vesicle is almost 
always asymptomatic although there are rare exceptions.**! 
Radiologically, by MR imaging, seminal vesicles involved 
by amyloid demonstrate diffuse wall thickening that can 
often mimic tumor invasion by prostate cancer.* Grossly, 
seminal vesicles with amyloid typically appear normal, 
although in a few cases the wall is thickened and firm.**° 
Microscopically, both seminal vesicles are involved by a 
subepithelial, nodular to strand-like deposition of pink, 
homogeneous extracellular material*?°°*3 (Figs. 8-132 
and 8-133). The luminal space of the seminal vesicle may 
be narrowed as a consequence of the amyloid accumulation 
(Fig. 8-132). In the vast majority of cases seminal vesicle 
amyloid is localized without evidence of systemic amyloi- 
dosis. One should specifically assess perivesicular vessels 
for amyloid. Detection of amyloid in vessel walls suggests 
systemic amyloidosis.” The presence of amyloid in the 
seminal vesicle is indicative of ejaculatory system amyloid, 
with amyloid also being found in the vasa deferentia and 
ejaculatory ducts. Congo red and crystal violet histochemi- 
cal stains are positive, with Congo red staining displaying 
a typical green birefringence. Immunohistochemical stains 
of sections of localized seminal vesicle amyloid are positive 
for the P component and lactoferrin, with negative staining 
for AA amyloid, B2 microglobulin, prealbumin, and kappa 
and lambda light chains.°*?*4 In contrast, in the few reported 
cases of systemic amyloidosis involving the seminal vesicle, 
the immunophenotype is different, with stains for prealbumin 
transthyretin type of amyloid and AA amyloid” being 


Figure 8-132 WE Amyloid deposition in seminal vesicle, with 
luminal narrowing. 
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Figure 8-133 E Amyloid deposition in seminal vesicle. 


positive. Ultrastructural examination of seminal vesicle 
amyloid shows characteristic 7.5- to 10-nm rigid, linear, and 
nonbranching fibrils.>**4 


Muscular/Fibromuscular Hyperplasia 


There are three reported cases of hyperplasia of mesenchy- 
mal cells in the seminal vesicle wall.°***8 Two cases rep- 
resent fibromuscular hyperplasia and one is likely smooth 
muscle hyperplasia of the seminal vesicle wall. The first case 
of fibromuscular hyperplasia was seen in a 27-year-old man. 
CT scan showed unilateral seminal vesicle enlargement and 
histologically the basis for the enlargement was fibromus- 
cular hyperplasia of the seminal vesicle wall.‘ The second 
case of fibromuscular hyperplasia was seen in the setting 
of a large congenital seminal vesicle cyst. The last case, 
which was considered to be adenomyosis, was diagnosed 
in a 62-year-old man who presented with hematospermia. 
An ultrasound showed an enlarged right seminal vesicle.°*’ 
Sections of the excised seminal vesicle showed adeno- 
myosis, which may represent smooth muscle hyperplasia 
with entrapped seminal vesicle glands. These glands in the 
wall of the seminal vesicle should not be misdiagnosed as 
adenocarcinoma. 
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Adenocarcinoma of the Prostate 


GLADELL P. PANER, CRISTINA MAGI-GALLUZZI, MAHUL B. AMIN, and JOHN R. SRIGLEY 


INTRODUCTION 


Prostatic adenocarcinoma, the commonest noncutaneous 
malignancy in humans, is a significant cause of morbid- 
ity and mortality in men. Adenocarcinomas account for 
>99.5% of carcinomas of the prostate gland, and as such, 
population statistics on prostate cancer essentially reflect 
adenocarcinoma. The diagnosis and treatment of prostatic 
adenocarcinoma generates significant workload for the 
surgical pathologist. Prostatic needle biopsies and radical 
prostatectomy (RP) specimens are very common specimens 
in most pathology laboratories. It has been estimated that 
upwards of a million prostate biopsies are done annually 
in the United States.' Adenocarcinoma of the prostate has 
a wide spectrum of clinical presentations ranging from the 
identification of a small focus of low-grade carcinoma in the 
asymptomatic patient with a prostate-specific antigen (PSA) 
elevation to widely metastatic carcinoma in a patient with 
bone pain. The architectural patterns of adenocarcinoma are 
diverse, and certain morphologies are predictive of clini- 
cal outcome and help explain, at least in part, the heteroge- 
neous behavior of this tumor. The complexity of reporting 
both biopsy and radical resection specimens has increased in 
recent years, and there is an expectation on the part of urolo- 
gists and oncologists that the surgical pathology report will 
include not just the diagnostic information but also all rel- 
evant prognostic data related to grade, extent, stage, margin 
status, and other information in selected cases. 

In view of the sheer volume of prostatic cancer cases 
handled by pathologists, the morphologic heterogeneity of 
adenocarcinoma and the clinical impact of this diagnosis 
and associated prognostic factors, it was decided to devote 
an entire chapter to this tumor. Acinar adenocarcinoma and 
its variations (e.g., atrophic, pseudohyperplastic) and special 
variants of adenocarcinoma including ductal, mucinous, and 
signet-ring carcinoma are discussed here. Other rare car- 
cinomas including basaloid, squamous (adenosquamous), 
sarcomatoid, small cell, large cell neuroendocrine, and uro- 
thelial carcinoma are presented in Chapter 10. 


EPIDEMIOLOGY | 


Incidence and Prevalence 


Prostate cancer is the second most common and sixth lead- 
ing cause of cancer death in men with an estimated 899,000 
new cases and 258,000 deaths in the world in 2008.7 In the 
United States, in 2013, it is estimated that there will be 
238,590 new cases and 29,720 deaths from prostate can- 
cer with age-adjusted incidence rate of 154.8 cases per 
100,000 men.3“ Due to the high incidence and absolute mor- 
tality rates, considerable resources have been allocated to 
prostate cancer, with approximately $9.9 billion spent each 
year on treatment in the United States alone.’ In 2009, the 
National Cancer Institute invested $293.9 million on pros- 
tate cancer research.° 

Unlike other common visceral organ malignancies, pros- 
tate cancer diagnoses far outweigh the number of cancer- 
related deaths. This is due to its long latency period and the 
fact that most tumors are low-grade organ-confined tumors. 
In the United States, the ratio of new prostate cancer diag- 
nosed to total number of deaths in a year is 8:1 in contrast 
to much higher ratios for other common tumors such as lung 
cancer (1.4:1) and colon cancer (2:1).* The high incidence 
of prostate cancer has been attributed to widespread serum 
PSA screening introduced in the early 1990s. This had led 
to increased detection of indolent tumors resulting in long 
lead-time bias (of at least about 10 years) in survival propor- 
tions and no significant effect on the time of death.” Some 
authors consider this phenomenon as “overdiagnosis,” and it 
is estimated that 23% to 42% of prostate cancer in the United 
States and Europe is overdiagnosed because of PSA screen- 
ing.*° Currently, controversy surrounds the use of population- 
based PSA screening, discussed later in details.!°" 

Most patients with prostate cancer, due to its long 
latency, survive the disease, and many eventually die of 
other nonrelated causes, mostly from cardiovascular dis- 
ease. As a result, prostate cancer is the most prevalent cancer 
in men (43%), a figure that is striking in comparison with 
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Table 9-1 AGE OF DIAGNOSIS OF PROSTATE 


CANCER 


Age in Years Diagnosis Rates (%) 
<20 0 

20-34 0 

35-44 0.6 

45-54 9.5 

55-64 31.6 

65-74 355 

75-84 18.6 

85+ 4.1 


Reprinted from SEER Stat Fact Sheets: Prostate. 2012, with permission. 


the percentage prevalence of colorectal cancer (9%) and 
melanoma of the skin (7%). United States statistics for 
2009 indicate that there were approximately 2,496,784 men 
alive who had a history of prostate cancer.’ 


Age 


Prostate cancer is considered a disease of older men, and 
notably among all cancers, the incidence increases dramati- 
cally with age (Table 9-1).* The median age of diagnosis 
is 67 years. Incidence is remarkably low in men <50 years 
old, and about 60% of cases occur in men 265 years old. 
Diagnosis rates peak in men 65 to 74 years old, whereas in 
men <54 years old, the rate is about 10%. 


Lifetime Risk 


It is estimated that one in six men born today will be diag- 
nosed with prostate cancer at some time during his lifetime.* 
The lifetime risk also markedly increases with age, from 
1:1,000 in men <40 years old to 1:8 in men 60 to 79 years 
old. It is estimated that 8.5% of men will develop prostate 
cancer between their 50th and 70th birthdays. 


Ethnic Relationship 


In the United States, African-Americans have the high- 
est incidence rates, which are about 60% higher than in 
Caucasians, and rates are much lower in Asian Americans and 
Native Americans and Alaskans (Table 9-2).* Interestingly, 


Table 9-2 PROSTATE CANCER INCIDENCE 
BY RACE 

Ethnicity Incidence 
African American 228.7 per 100,000 
White 141.0 per 100,000 


Hispanic/Latino 
American Indian or Alaskan Native 
Asian American or Pacific Islander 


124.9 per 100,000 
98.8 per 100,000 
77.2 per 100,000 


Reprinted from Siegel R, Naishadham D, Jemal A. Cancer statistics, 
2013. CA Cancer J Clin 2013;63(1):11-30, with permission. 


differences among ethnic groups are also documented in 
other parts of the world, such as in Brazil and Europe. It is not 
fully understood why the incidence rate is very high in black 
men in the United States and some Caribbean countries, and 
perhaps it could be due to inherent genetic factors.'*"'° 


Mortality 


In the United States, the age-adjusted death rate for pros- 
tate cancer is 23.6 per 100,000 men per year.? From 2005 to 
2009, the median age at death for prostate cancer is 80 years. 
Mortality rate is highest in African Americans (54.9 per 
100,000 men) and lowest in Asian Americans and Pacific 
Islanders (Table 9-3). Mortality also increases with age; 
prostate cancer is the third and second most common cause 
of cancer death in men 60 to 79 years old and 280 years old, 
respectively, but is not even in the top five causes of cancer 
death in men 40 to 59 years old. 


Worldwide Geographical Distribution 
Incidence Rate 


The incidence of prostate cancer differs worldwide, and 
these variations can be attributed to several factors includ- 
ing detection rates of clinically latent tumors, ethnicity, and 
environmental factors.” Prostate cancer incidence rates have 
been increasing in many countries with no notable decrease 
reported in any nation." Incidence rates are highest in more 
developed or higher-resourced countries such as the United 
States, Canada, Australia and New Zealand, western Europe 
and Scandinavia, and the Caribbean and are lowest in south 
central and eastern Asia and northern Africa (Fig. 9-1).'7 
Prostate cancer in South Korea, Thailand, and Chennai, 
India, is as low as <10 per 100,000 men.!’ These worldwide 
disparities can be attributed, at least in part, to variations in 
practice of PSA screening. Differences may also be related 
to diet, as incidence is usually low in regions with mainly low 
fat and plant-based diet and higher with westernized diet. 


Mortality Rate 


Mortality rates also tend to be higher in less-developed parts 
of the world including the Caribbean, some countries in south- 
ern and western Africa, and in South America, and the lowest 


Table 9-3 PROSTATE CANCER MORTALITY 
BY RACE 

Ethnicity Mortality 

African American 53.1 per 100,000 
White 21.7 per 100,000 


American Indian or Alaskan Native 
Hispanic/Latino 
Asian American or Pacific Islander 


19.7 per 100,000 
178 per 100,000 
10.0 per 100,000 


Reprinted from Siegel R, Naishadham D, Jemal A. Cancer statistics, 
2013. CA Cancer J Clin 2013;63(1):11-30, with permission. 
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Rate per 100 000 
Ml 83.2 - 173.7 
GN 45.3 - 83.1 
(320.5 -45.2 
MS 11.8 - 20.4 
MM 5.4 - 11.74 
E 1.7-5.3 
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Figure 9-1 E Worldwide variation in age-standardized prostate cancer incidence rates 2008. (Reprinted from Center MM, et al. 
International variation in prostate cancer incidence and mortality rates. Eur Urol 2012;61(6):1079—1092, with permission.) 


mortality rates are observed in most parts of Asia, northern 
Africa, and North America (Fig. 9-2).'’ Differences overall are 
less marked for mortality compared to incidence, but are high 
in Trinidad and Tobago (53.6 per 100,000 men), which are 
twice the rate of second place Cuba (22.6 per 100,000 men) and 


Rate per 100 000 
MM 22.1 -61.7 
E 15.3-22.0 
E] 11.6 = 15,2 
E 7.5-11.5 
MM 3.5-7.4 

| 12-34 


25 times that of lowest place Uzbekistan (1.6 per 100,00 men). 
During the past several years, prostate cancer mortality rates 
have been decreasing in many countries, but also increasing 
in some nations.'’ High average increases in mortality rates 
occurred in Korea (7.8% per year), Moldova (6.5% per year), 


Figure 9-2 E Worldwide variation in age-standardized prostate cancer mortality rates 2008. (Reprinted from Center MM, et al. 
International variation in prostate cancer incidence and mortality rates. Eur Urol 2012;61(6):1079—1092, with permission.) 
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and Trinidad and Tobago (4.5% per year), whereas high aver- 
age decreases occurred in the United States (—4.3% per year), 
Austria (—4% per year), and Israel (—3.7% per year). 


Time Trends 
Incidence Rate 


Since the 1990s, in the United States, there was a dramatic 
40% decline in prostate cancer deaths and 75% decrease 
in symptomatic presentation attributed by most experts to 
earlier tumor detection from widespread PSA screening." 
From 1988 to 1992, there was a large surge in prostate can- 
cer diagnosis with an annual increase of 16.5% followed by 
an annual increase of 11.6% in 1992 to 1995, followed by 
relative stability, and then a small annual decline of 1.9% 
from 2000 to 2009 (Fig. 9-3).3+ The initial surge essentially 
paralleled the introduction of PSA screening, which resulted 
in the identification of a substantial prevalence backlog of 
asymptomatic cases that later evened out with time. 


Mortality Rate 


Worldwide, decreasing mortality rates are also seen in 
many developed and high-resource countries. In the United 
States, mortality rates from prostate cancer increased from 
1975 to 1991 and declined since the mid-1990s that was 
greatest and most sustained in men >75 years old." In both 
the United States and the United Kingdom, prostate can- 
cer mortality peaked in the early 1990s at almost identical 
rates, but age-adjusted mortality in the United States sub- 
sequently declined by 4.2% per year, four times the rate of 
decline in the United Kingdom (1.1%). Decline in pros- 
tate cancer mortality can be attributed to several factors 
including improved treatments such as RP, radiation, and 
hormonal therapies (Fig. 9-4).° Widespread PSA screening 


Rate per 100,000 


Figure 9-4 E Incidence over time of prostate 
cancer treatment. (Reprinted from Stanford JL, 
Stephenson RA, Coyle LM, et al. Prostate Cancer 
Trends 1973-1995, SEER Program, National 
Cancer Institute, NIH Pub. No. 99-4543, Bethesda, 
MD, 1999, with permission.) 
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Figure 9-3 E Cancer trends for men in the United States from 
1975 to 2008. (Reprinted from Siegel R, Naishadham D, Jemal A. 
Cancer statistics, 2013. CA Cancer J Clin 2013;63(1):11—30, with 
permission.) 


Incidence Rates 


Radical Prostatectomy 


No Treatment 


Radiation 


Hormone Therapy 


Other Treatments 


85 86 87 88 89 90 91 92 93 94 95 
Year of Diagnosis 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


is indirectly linked as a reason for decrease prostate cancer 
mortality. However, this is currently controversial, as recent 
large randomized PSA screening studies for prostate cancer 
in the United States did not show benefit and, in Europe, only 
20% reduction in mortality.'°'' Further, decline in prostate 
cancer mortality was observed even in countries with low 
PSA screening such as United Kingdom.” 


ETIOPATHOGENESIS 


Introduction 


The exact cause of prostate cancer remains elusive despite 
extensive research carried out in this field. Currently, older 
age, ethnicity (black race), and family history, which are all 
nonmodifiable factors, are well-established risks for prostate 
cancer.*! Epidemiologic studies show that immigrants from 
low-incidence regions acquire intermediate-risk level after 
migrating to high-risk areas suggesting also a role for envi- 
ronmental factors. 

There is no single identified genetic event that can cause 
prostate cancer, and perhaps, neoplastic growth arises 
from multiple genetic alterations and/or epigenetic fac- 
tors. It remains poorly understood why most of the prostate 
cancer diagnosed exhibits long latency and only a subset 
unpredictably transforms into clinically aggressive dis- 
ease. Similar to nodular hyperplasia, growth and develop- 
ment of prostate cancer is dependent on androgen signaling. 
However, a subset of prostate cancer may progress even 
with an absent or suppressed level of androgen hormone 
(castration-resistant state), and these are generally incurable. 
The mechanism of evolution to androgen independence by 
prostate cancer is currently an intense area of research. 


Risk Factors 
Age 


As discussed above, the incidence of prostate cancer sharply 
increases with age with about 60% of cases diagnosed in men 
>65 years old. Interestingly based on these statistics, if men 
live up to 100 years old, almost all will have prostate cancer. 


Ethnicity 


As discussed above, the incidence of prostate cancer is much 
greater in African-American men, which is 1.6 and 2.8 times 
higher than in whites and Asian Americans, respectively. 
Likewise, death from prostate cancer in African-American 
men is less than two times and about five times higher than 
in whites and Asian Americans, respectively. There is also 
an increased likelihood of a high Gleason score and more 
rapid tumor growth with earlier transformation from latent 
to aggressive disease in black than in white men.””” 

Several studies suggest that the higher incidence and mortal- 
ity from prostate cancer in black men are partly due to genetic 
susceptibility.?!’* Genetic differences such as variants in alleles 
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on chromosomes including 8q24 and 17q21—22, which are 
associated with increased risk for prostate cancer, are suggested 
to be higher in men of African descent.*>?* Microsatellite 
marker DG8S737 on chromosome 8q24 has a population 
attributable risk of 16% in African Americans, which is higher 
than in European men (5% to 11%). The frequency of risk 
allele in 17q21 is about 5% in men of African descent, whereas 
it is rare in other races (<1%).*° Variant G allele of CYP3A4 
associated with aggressive prostate cancer progression is much 
more frequent in African-American men (81%) than in white 
men (8%).7°*° Polymorphism of CYP17 may have a role in the 
susceptibility to prostate cancer in men of African but not of 
European descent.*' Mutation in ephB2 gene is associated with 
prostate cancer risk in African-American men with a family 
history of prostate cancer but is not found in white men.* 


Family History 


Familial association in prostate cancer is well docu- 
mented.**** There is a twofold increased risk if 1 first-degree 
relative and a 9 times increased risk if 3 first-degree rela- 
tives are diagnosed with prostate cancer. Risk also increases 
inversely with age of diagnosis in relatives. If the age of 
onset is 50 years old, the relative risk is increased 7 times. 

There are compelling evidence to suggest a genetic basis 
for familial predisposition in prostate cancer. High-risk 
alleles are identified with either autosomal dominant or 
X-linked mode of inheritance. Implicated genetic factors for 
hereditary prostate cancer include BRCA2 on chromosome 
13q12, ELAC2 on chromosome 17p, RNASEL on chromo- 
some 1q25, MSR/ on chromosome 8p22—23, NBS1 on chro- 
mosome 5, and CHEK2 on chromosome 22q.*°*° 


Diet 


There is a positive association of prostate cancer with 
consumption of animal products, particularly red meat 
cooked at high temperatures.” This association is sug- 
gested to be due to heterocyclic amine content in meat.** A 
recent large prospective study suggested little or no asso- 
ciation between fruit and vegetable intake and prostate 
cancer risk.“ In the large Selenium and Vitamin E Cancer 
Prevention Trial (SELECT) of 35,533 men, neither vitamin 
E nor selenium supplementation was shown to be signifi- 
cantly associated with prostate cancer risk.*! 


Obesity and Metabolic Syndrome 


Several studies suggest obesity as a risk factor for prostate 
cancer. Elevated body mass index (BMI) increases the 
risk of prostate cancer mortality in prospective cohort stud- 
ies and biochemical recurrence in prostate cancer patients. 
Adipose tissue may influence circulating levels of several 
bioactive substances that may affect the risk of developing 
prostate cancer.” It is also suggested that obesity may mod- 
ify genes of periprostatic adipose tissue to promote a favor- 
able environment for prostate cancer progression.“ Overall, 
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the highly prevalent metabolic syndrome including central 
obesity, insulin resistance, dyslipidemia, and hypertension is 
suggested to have an association with prostate cancer.* 


Environmental Factors 


Increased risk for prostate cancer has been proposed with 
exposures to cadmium, pesticides, rubber, textile, and chem- 
icals.* Vitamin D deficiency has been implicated as a risk 
for prostate cancer and may explain geographic differences 
in incidence due to light exposure, as ecologic studies have 
shown that mortality rates from prostate cancer are inversely 
correlated with levels of ultraviolet radiation.® Earlier mor- 
tality analysis suggested a higher risk for prostate cancer in 
atomic energy workers, but this was seen to be declining.*! 
Farming is suggested as a risk factor for prostate cancer, but 
this increased risk may not be due to pesticide exposure.” 


Vasectomy 


There is conflicting evidence suggesting vasectomy as a risk 
factor for prostate cancer, although more recent data support 
a lack of association.**** 


Others 


There is a controversial association of xenotropic murine 
leukemia-related virus (XMRV) to prostate cancer after 
XMRV DNA was isolated in 6% of prostate cancer. 
Other later studies however did not show XMRV infection in 
prostate, and it is being suggested that the identification may 
be due to sample contamination. 


Cell of Origin 


The luminal acinar secretory cells were thought to be the cell 
of origin of prostate cancer since this tumor is characterized 
by phenotypic similarity to acinar cells (PSA positive, p63/ 
HMWK negative) and absence of basal cells. Recent in vitro 
studies in animal models however suggest that basal cells 
are more likely the precursor cells of prostate adenocarci- 
noma.” The cooperative effects of AKT via loss of PTEN, 
ERG, and androgen receptor (AR) in basal cells were able to 
reproduce the histologic and molecular features of prostate 
cancer including absence of basal cells and overexpression 
of alpha-methyl-CoA racemase (AMACR).“ 


Molecular and Genomic Basis 


Prostate cancer, like most other cancers, exhibits multiple 
genomic alterations such as point mutations, microsatellite 
sequence changes, and chromosomal rearrangements (e.g., 
translocations, insertions, duplications, and deletions).*°° 
The most common chromosomal alterations in prostate can- 
cer are losses at Ip, 6q, 8p, 10q, 13q, 16q, and 18q and gains 
at lq, 2p, 7, 8q, and Xq.” Rearrangement in chromosome 
22 between TMPRSS2 and ERG is seen in about half of pros- 
tate cancers and is discussed below in detail.’ 


Multiple putative prostate cancer susceptibility loci have 
been identified by linkage analysis including the HPC1 locus 
on 1q23—25 (RNASEL), HPC2 locus on 17p (ELAC2), PCAP 
locus on 1q42—43, CAPB locus on 1p36, HPC20 locus on 
20q13, and HPCX locus on Xq27-28.°°” Analysis among 
426 families with hereditary prostate cancer identified a 
susceptibility region at 17q22 (BRCA1).*° Genome-wide 
association study identified a variant on 8q24 containing 
MYC oncogene that confers risk for prostate cancer.”* Nine 
SNP loci identified at this chromosome region were inde- 
pendently associated with prostate cancer risk. Another 
genome-wide association study identified 7 new prostate 
cancer susceptibility loci at 2p11, 3q23, 3q26, 5p12, 6p21, 
12q13, and Xq12.59.8' About 50 prostate cancer susceptibil- 
ity loci have now been identified.“ 

Multiple somatic genetic alterations in prostate cancer 
may result in inactivation of tumor suppressor gene or acti- 
vation of oncogenes (Table 9-4).°°3° Among implicated in 
prostate carcinogenesis includes tumor suppressor genes 
GSTP1, PTEN, CDKN1B, NKX3.1, KLF6, Rb, and p53 and 
oncogenes c-myc, bcl-2, c-kit, and STATS $ 

PTEN is mutated in about 20% to 40% of prostate cancers 
(often 10q23 deletion), more identified in advanced prostate 
cancer suggesting a role in cancer progression.%** PTEN 
is present in normal prostatic epithelial cells and high-grade 
prostatic intraepithelial neoplasia (HGPIN) and is reduced 
in prostate cancers with high grade and stage.*** There is a 
significant co-occurrence of TMPRSS2:ERG and PTEN loss 
in prostate cancer, suggesting the possibility of PTEN loss 
as a late genetic event or “second hit” after ERG rearrange- 
ment.** SPOP is the most frequent nonsynonymous mutated 
gene in prostate cancer, detected in 6% to 13% of prostate 
cancers.” Interestingly, unlike PTEN loss, SPOP alterations 
are present in TMPRSS2:ETS-negative prostate cancer and 
may represent a different class of prostate cancers. The 
mutually exclusive occurrence of TMPRSS2:ERG and SPOP 
forms the basis for a possible molecular classification of 
prostate cancer (Fig. 9-5). 

Alterations in AR may lead to AR activation in prostate 
cancer that may allow them to survive in an environment 
deprived of androgen hormone (castration resistant).8° AR is 
mutated or amplified in 20% to 30% of castration-resistant 
prostate cancers.: Polymorphisms are also observed in 
genes associated with androgen biosynthesis.® 

Hedgehog signaling pathway has been shown to play a 
role in growth and metastasis of prostate cancer.**”” 


Gene Fusion 


The first chromosome translocation identified in prostate 
cancer was t(6;16), which results in the 7PC:HPR fusion.” 
Fusion of TMPRSS2 and ETS gene family is specific 
for prostate cancer detected in about 50% of cases. ”!77974 
TMPRSS2 encodes for serine protease secreted by prostatic 
cells in response to androgen exposure, and this explains why 
the gene fusion leads to androgen-responsive expression of 
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Table 9-4 MUTATED GENES IN PROSTATE 
CANCER 

Gene Chromosome 
CHD5 1036.31 
SDF4 1936.33 
EPHB2 1p36.12 
SPTA1 1923.1 
SRD5A2 2023.1 
THSD7B 2q22.1 
SCN11A 3p22.2 
PLXNB1 3p21.31 
PRKCI 3q26.2 
PIK3CA 3q26.32 
ZNF595 4p16.3 
CHD1 5q15-q21.1 
APC 5q22.2 
HSP90AB1 6p21.1 
DLK2 6p21.1 
HDAC9 7p21.1 
EGFR 7011.2 
BRAF 7934 
HSPA5 9q33.3 
KLF6 10p15.1 
PTEN 10q23.31 
CDKN1B 12p13.1 
KRAS 12p12.1 
MLL2 12613.12 
RB1 13q14.2 
GPC6 13q31.3-32.1 
FOXA1 14q21.1 
HSPA2 149023.3 
DICER gii 
MYH11 16p13.11 
ZFHX3 16q22.2-q22.3 
HPSS holes 
CDK12 17q12 
SPOP 17q21.33 
ASXL1 20q11.21 
CHEK2 22q12.1 
KDM6A Xp11.3 
AR Xq12 
MED12 Xq13.1 
HPRT1 Xq26.2-926.3 


Reprinted from Boyd LK, Mao X, Lu YJ. The complexity of prostate 
cancer: genomic alterations and heterogeneity. Nat Rev Urol 2012; 
9(11):652-664, with permission. 


ETS transcription factors.” ETS family of transcription fac- 
tors includes ERG, ETV1, ETV4, and ETV5 as 3’ end fusion 
partners, and ERG is the most commonly fused gene at 5’ end 
with TMPRSS2 comprising about 90% of cases. Several 
other 5’ end fusion partners of ETS gene have been identified 
(Table 9-5). With fusion, ERG is brought under the control 
of an androgen-regulated promoter causing overexpression. 
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Primary prostate cancer 


Figure 9-5 W Molecular classification of prostate cancer. 
About 50% of prostate cancers harbor ETS rearrangement, and 
majority of these are TMPRSS2:ERG. PTEN is deleted in 20% to 
40% prostate cancers, with significant overlap to ETS rearrange- 
ments. SPOP mutation is mutually exclusive with ETS rearrange- 
ment. (Reprinted from Barbieri CE, Demichelis F, Rubin MA. 
Molecular genetics of prostate cancer: emerging appreciation of 
genetic complexity. Histopathology 2012;60(1):187-198, with 
permission.) 


Fusion of the two genes occurs by intra- and interchromo- 
somal genetic rearrangements. In about two-thirds of cases, 
fusion results from deletion of the intervening 3 Mb between 
TMPRSS2 and ERG (Fig. 9-6). Fusion may also occur by 
more complex rearrangements such as translocation. The 
most commonly reported fusion transcript is between exon 1 
of TMPRSS2 and exon 4 of ERG. About 20 TMPRSS2:ERG 
transcripts have now been identified. Morphologic features 
of prostate cancer associated with TMPRSS2:ERG include 
blue-tinged mucin, cribriform pattern, intraductal spread, 
macronucleoli, and signet ring cells.” Only 24% of tumors 
without any of these features displayed TMPRSS2:ERG, 
whereas 93% of cases with three or more features harbor the 
fusion.” The clinical significance of this gene fusion on pros- 
tate cancer behavior is not yet fully understood, and studies 
correlating it with outcome and pathologic variables have 
conflicting results.°° 1°” 


CLINICAL FEATURES 


Symptoms and Signs 


In the United States, the vast majority of prostate cancers 
are diagnosed in asymptomatic patients through early detec- 
tion programs. The main reasons for performing prostate 
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Table 9-5 DETECTED ETS GENE FUSIONS IN 
PROSTATE CANCER 

5’ Partner 3’ Partner 
TMPRSS2 ERG 
HERPUD1 ERG 
SLC45A3 ERG 
NDRG1 ERG 
FKBP5 ERG 
TMPRSS2 ETV4 
DDX5 ETV4 
CANT1 ETV4 
KLK2 ETV4 
TMPRSS2 ETVS 
SLC45A3 ETV4 
SLC45A3 ETV1 
SLC45A3 ETV1 
TMPRSS2 ETV1 
SLC45A3 ETV1 
C15orf21 ETV1 
HNRPA2B1 ETV1 
FLJ35294 ETV1 
ACSL3 ETV1 
EST14 ETV1 
HERVK17 ETV1 
HERVK22011.23 ETV1 
FOXP1 ETV1 
KLK2 ETV1 
FUBP1 ETV1 
SNURF ETV1 


Reprinted from Spans L, et al. The genomic landscape of prostate 
cancer. Int J Mol Sci 2013;14(6):10822-10851, with permission. 


biopsies leading to cancer diagnoses are elevated PSA and/or 
abnormal digital rectal examination. Prostate cancer is also 
a common incidental finding in 28.5% cystoprostatectomy 
specimens, of which only 25.3% are considered clinically 
significant, defined by most experts as tumors with a volume 
of 0.5 mL or more and Gleason score of 7 or higher.'!°!°7 

In symptomatic patients, prostate cancer usually manifests 
with symptoms indicative of advanced disease. Presentations 
may include irritative (e.g., frequency, urgency) or obstruc- 
tive (e.g., hesitancy, dribbling) voiding symptoms. Cancers 
located in transition zone may manifest earlier because of 
its proximity to the urethra. These lower urinary tract symp- 
toms, however, are not specific for prostate cancer and, when 
encountered, are more often attributed to hyperplasia. About 
10% to 15% of transurethral resection specimens performed 
for hyperplasia however may contain incidental prostate 
cancer. Local extension of tumor to structures adjacent to 
prostate may produce pelvic pain. Skeletal metastasis may 
result to bone pain and tenderness, spinal cord compression, 
weakness of lower extremities, and urinary or fecal incon- 
tinence. Metastasis to lymph nodes may produce adenopa- 
thy, and lower extremity lymphedema in there is inguinal 


lymph node involvement. Rarely, advanced prostate can- 
cer may present as disseminated intravascular coagulation, 
nonbacterial thrombotic endocarditis, malignant ascites, or 
pleural effusion from tumor dissemination. Paraneoplastic 
syndrome (e.g., syndrome of inappropriate ADH secretion, 
hypercalcemia, DIC, thrombotic thrombocytopenic purpura, 
neurologic syndromes) may occur with prostate cancer and 
is seen more often, but not always, when the histology con- 
tains small cell carcinoma component. 

The hallmark physical finding for prostate cancer is the 
presence of palpable prostatic nodule or firmness on rec- 
tal examination. It should be noted that most patients with 
prostate cancer have normal rectal exams. In about 25% of 
cases, serum PSA is not elevated, and abnormal rectal exams 
is the reason for prostate biopsy. Other signs of prostate can- 
cer are related to advanced stage such as hyperreflexia and 
increased bulbocavernosus reflex from cord compression of 
bone metastasis. 

Aside from serum PSA elevation detailed below, abnor- 
mal laboratory findings in prostate cancer may reflect pres- 
ence of advanced disease. These include azotemia (increase 
BUN and creatinine) from bilateral urinary obstruction, 
increased alkaline phosphatase from bone metastasis, and 
anemia and rarely low platelets from DIC or TTP. 


Prostate-Specific Antigen 


Prostate-specific antigen (PSA) is currently the most widely 
used tumor biomarker in medicine. PSA is an androgen- 
regulated serine protease of the human kallikrein (hK) fam- 
ily located on chromosome 19q13.4.'°8 PSA is synthesized by 
secretory cells of normal, hyperplastic, or malignant prostatic 
acinar cells. Thus, while detectable levels are considered spe- 
cific for prostatic origin, it is not a specific marker for cancer 
of the prostate. Nonneoplastic causes of PSA elevation include 
BPH, inflammation or prostatitis, ejaculation, and injury or 
manipulation (e.g., recent needle biopsy, bicycle ride). 

When prostate cancer disrupts the basement membrane, 
there is leakage of PSA into the peripheral blood. Most 
of the circulating PSA (about 70% to 90%) is bound to 
ol-antichymotrypin and a subset with other protease inhibi- 
tors such as &2-macroglobin and o1-antityrpsin. Most anti- 
bodies currently used in PSA assays detect free and most of 
the bound form, except for that, which is complexed with 
o.2-macroglobin. Detection by PSA elevation is more sensi- 
tive than rectal examination in detecting prostate cancer. The 
introduction of PSA as an oncologic marker and its integra- 
tion into practice with rectal examination and transrectal ultra- 
sound allow for the detection of early-stage curable prostate 
cancer. Serum PSA level is also a good measure in monitoring 
response after treatment and to diagnose disease recurrence. 

Certain factors may influence PSA level. 5o1-reductase 
inhibitors (finasteride) may cause artificial lowering of PSA 
level by about 50%. Patients with a high BMI may have 
lower PSA values because of hemodilution.'® Some modifi- 
cations of measurement and interpretation in PSA are being 
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used to enhance sensitivity and specificity in diagnosis of 
prostate cancer discussed below. 


PSA Screening 


The aim of screening programs for a particular cancer is 
to ultimately reduce cancer-related deaths. PSA screening 
in asymptomatic men is currently controversial because of 
the lack of definitive evidence in reducing prostate cancer 
mortality.'°'2'!°'!? Amidst the ongoing controversy, most 
urology experts advocate PSA screening mainly because (a) 
there was a 40% decline in prostate cancer mortality since 
the widespread application of PSA screening from the early 
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Figure 9-6 FISH for TMPRSS2:ERG gene rearrangement 
in prostate carcinoma showing (A) deletion (1 Edel) and (B) split 
(Esplit). The (C) normal pattern is observed in about half of prostate 
cancers. (Courtesy of Glen Kristiansen, MD and Sven Perner, MD, 
PhD.) 


1990s, (b) most tumors detected by PSA screening are low- 
grade low-volume tumors that can be cured, and (c) treat- 
ment options are available for these tumors. 

In 2009, the two largest randomized studies on population- 
based PSA screening in the United States and Europe showed 
no or only limited benefit in reducing prostate cancer mortal- 
ity.'°'' The Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial (PLCO) in the United States included 76,693 
men randomized for PSA screening (38,343 men) and usual 
care as control (38,350 men).'° After 7- to 10-year follow- 
up, the death rate from prostate cancer in the PCLO study 
was very low and did not differ significantly between the 
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study and control groups. In a larger European Randomized 
Study of Screening for Prostate Cancer (ERSPC) study that 
involved 7 countries, 162,243 men were randomized to care 
with and without PSA testing.'' Results of the ERSPC study 
with median follow-up of 9 years showed that PSA-based 
screening reduced prostate cancer death rates by 20% but 
was associated with high detection and treatment of indolent 
tumors. In practical terms, 1,410 men must be screened, and 
additional 48 men must be treated to prevent one death from 
prostate cancer." 

Another study from Sweden of 9,026 men with longer fol- 
low-up of 20 years also did not show a significant difference 
in deaths between men with and without PSA screening." In 
ERSPC, a subset study in Rotterdam showed that disease- 
specific survival of men with interval cancer screened every 
4 years was similar with and without PSA screening.''’ Few 
other, but lesser quality, studies showed benefits of PSA 
screening such as in Quebec City involving 46,486 men 
showed significant reduction in prostate cancer mortality in 
the PSA-screened group versus the nonscreened group.'"? 

In great part due to the concurrent PCLO and ERSPC 
studies, the US Preventive Services Task Force (USPSTF) 
issued a grade D recommendation or essentially recom- 
mending against population-based PSA screening for pros- 
tate cancer.''4 The USPSTF recommendation is to avoid 
unnecessary over treatment of prostate cancer leading to 
complications; the latter should be weighed against the 
benefit of PSA screening. This recommendation received 
strong opposition from urology advocate groups such as the 
American Urological Association (AUA), Prostate Cancer 
Foundation, Large Urology Group Practice Association, 
Men’s Health Network, and others.!!>'!° Arguments against 
the studies included high (50%) contamination rate by PSA 
measurement in the PCLO control group (essentially mak- 
ing the study one of regular versus inconsistent PSA screen- 
ing), whereas the ERSCP did not specify contamination, 
many subjects with abnormal PSA tests did not have prompt 
biopsy, the follow-up was relatively short considering the 
long latency of prostate cancer, and that there was no con- 
sideration of high-risk groups particularly black men.''® 


PSA Cutoff 


Currently, most guidelines recommend PSA screening in 
men between 40 and 50 years old, and the younger age will 
have less confounding effect of hyperplasia.''7'° Some 
recommend PSA screening only in men with longer life 
expectancy (>10 years expectancy or <75 years old), since 
these patients will likely die of other reasons and not from 
prostate cancer.''”!*° Yearly PSA testing is recommended, 
although may opt for follow-up testing at longer intervals if 
PSA level is low (<1 ng/mL). 

The traditional cutoff for PSA elevation to do prostate 
biopsy is 4 ng/mL. This cutoff has a sensitivity of about 20% 
and specificity of 60% to 70% for prostate cancer. Lower 
PSA cutoffs are considered in higher-risk individuals such 


as African-American men or those with family histories 
of prostate cancer. Higher cutoff increases the predictive 
value; a cutoff of 10 ng/mL has a positive predictive value of 
42% to 71%. Of note, no level of PSA is risk free and that the 
PSA value represents a risk continuum. The AUA in particular 
does not recommend any PSA cutoff value to prompt a biopsy 
and recommends that other factors such as family history, eth- 
nicity, and rectal examination findings be taken into account. 


Posttherapy PSA Monitoring 


After therapy of localized prostate cancer, PSA is expected 
to decline to a nadir of <0.2 ng/mL, which is used to deter- 
mine cure. PSA nadir is usually achieved 6 weeks after RP 
since all benign glands and cancer are removed, but is much 
longer with radiotherapy (about 27 weeks) as it takes time for 
cancer to degenerate. PSA elevation afterward (20.2 ng/mL 
on two occasions) is considered biochemical recurrence."”! 


Other PSA Measurements 
Age-Specific PSA Ranges 


Age-specific PSA ranges are considered because they increase 
the sensitivity in detection in younger men and increase the 
specificity for prostate cancer in older men. The prostate is 
usually larger in older male because of hyperplasia; thus, 
higher PSA value is permissible (e.g., 6.5 ng/mL for men 70 
to 79 years old versus 2.5 ng/mL for men 40 to 49 years old) 
to perform biopsy. However, use of age-specific PSA ranges is 
controversial particularly in older men because increasing the 
cutoff value may lead to missing significant numbers of clini- 
cally important cancer. 


PSA Dynamics (Velocity, Doubling Time) 


Changes in PSA level over time may be used to stratify risk 
for prostate cancer including in predicting response to ther- 
apy. PSA velocity refers to the relative change in time of 
PSA value.!??"4 An increase of >0.75 ng/mL/y is consid- 
ered a significant risk factor for prostate cancer that would 
prompt a prostate biopsy. It is important that the same labo- 
ratory is used to measure PSA levels over a period of at least 
18 months. A very rapid rise in PSA value can be seen in 
prostatitis." PSA doubling time refers to the amount of time 
required for PSA to double.'”*'’’ Use of pretreatment PSA 
velocity and doubling time is currently controversial. While 
both are associated with outcome, there is no clear evidence 
that they improve outcome prediction beyond pretreatment 
PSA alone.!?*:!?8 


PSA Density 


PSA density takes into account the variation in size of the 
prostate that may influence the PSA level. PSA density is 
serum PSA divided by the prostate gland volume, and a 
higher value suggests increase risk for prostate cancer. A 
PSA density of >0.15 ng/mL/cm? would be the recommended 
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cutoff to perform a biopsy. Others however have found this 
test to be inaccurate. The problems are that the prostate may 
have a larger size also because of increase in stromal volume 
and TRUS is not accurate in measuring prostate volume. 
The positive predictive value of PSA density is only slightly 
higher than the 4 ng/mL cutoff for serum PSA. Further, per- 
forming TRUS is still an uncomfortable procedure for the 
patient even without biopsy. A modification of PSA density 
adjusts for the transition zone volume. 


Free PSA (fPSA) 


About 90% of PSA in circulation is bound to œl- 
antichymotrypsin, and a smaller amount is bound to other 
serum protease inhibitors. Unbound PSA is known as fPSA. 
Low level (<10%) of fPSA is associated with a higher risk of 
prostate cancer and can be useful in monitoring patients after 
therapy. A large multicenter study in men with normal rectal 
examinations and PSA of 4 to 10 ng/mL showed that fPSA 
with cutoff of 25% was able to detect 95% of cancers while 
avoiding 20% of unnecessary biopsies.'”? Another approach 
is to determine the ratio of fPSA to total PSA, and lower 
value increases the specificity in diagnosing cancer. 


PUTATIVE PRECURSOR LESIONS 


High-Grade Prostatic Intraepithelial Neoplasia 
Introduction 


Since 1926, the model for the transition of benign acinar 
epithelium to malignant cellular change via intermedi- 
ate “atypical glands” in the prostate has been proposed by 
several authors. In 1949, Andrews illustrated precancerous 
conditions, which he identified in 70% of the glands in the 
prostate containing carcinoma compared to only 26% of 
glands without carcinoma. The atypical glandular foci 
were characterized by cellular stratification, papillary for- 
mation, nuclear enlargement, and mitotic activity—many 
features that in contemporary practice would be identified in 
prostatic intraepithelial neoplasia (PIN). McNeal’s landmark 
work in 1965 described the morphogenetic origin of prostate 
carcinoma that became the foundation for our current under- 
standing of PIN.'*!"'*? In 1986, McNeal and Bostwick!” char- 
acterized this premalignant lesion as “intraductal dysplasia” 
describing it to be present in more than half of carcinomatous 
prostates. One year later, Bostwick and Brawer'™ introduced 
the now preferred term “prostatic intraepithelial neoplasia,” 
in part, to recognize that this lesion may arise from either 
the prostatic acini or ducts, which are often indistinguishable 
from each other. In 1989, the term PIN was endorsed in a 
consensus conference and since then became the terminol- 
ogy uniformly used in the literature.'*° 

PIN is defined as a noninvasive neoplastic transformation 
of the epithelium of preexisting prostatic ducts and acini. 614! 
Originally, PIN was divided in three grades (PIN I, II, and 
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III) based on a spectrum of architectural and cytologic abnor- 
malities,'** with the suggestion that PIN III was equivalent 
to carcinoma in situ. At the 1989 consensus meeting, PIN 
was condensed into low grade (I) and high grade (II and II) 
because of poor diagnostic reproducibility.'** The separation 
of low- and high-grade PIN was based on a number of criteria 
but especially the presence of nucleolar prominence in the 
latter. The reporting of low-grade PIN eventually fell into dis- 
favor due to its poor diagnostic reproducibility and the lack 
of clinical relevance including its questionable association 
with prostate cancer.'*”'*? Nowadays, the word PIN is used 
almost synonymously to refer to HGPIN. 


Epidemiology 


HGPIN is a common finding in routine prostate pathology 
specimens, identified as an isolated diagnosis in up to 
16% of needle core biopsies (NCBs) (usually 5% to 10%) 
and 1% to 5% of TUR specimens.'*+'** Approximately, 
115,000 new cases of isolated HGPIN are diagnosed each 
year in the United States.'°”'“° There is a significant variation 
in the reporting of HGPIN of 0.7% to 20% in needle biopsies 
and 3% to 33% in TURs that can be attributed to interpre- 
tation discrepancies and varied application of morphologic 
criteria.” The incidence is much higher at 80% to 100% 
in prostatectomies harboring adenocarcinoma compared to 
43% of age-matched nontumorous controls. The incidence 
of HGPIN, like that of adenocarcinoma, increases with age 
although with somewhat earlier onset, beginning in the 
third decade of life reaching about 67% in white men by the 
eighth decade of life." Like prostate adenocarcinoma, 
the incidence is higher in African Americans compared to 
other races.'#?"!*? The lesion is usually more diffuse and pres- 
ents earlier in African Americans compared to Caucasian 
Americans. HGPIN is detected with increasing incidence 
in African Americans with rates of 7%, 26%, 46%, 72%, 
75%, and 91% from the third through the eight decade. 
This strong association with race is not limited to the United 
States, as similar higher incidence is reported among black 
Brazilian men compared to white Brazilian men.!*? 


PIN as a Precursor for Cancer 


There is much evidence supporting PIN as a precursor lesion 
for prostate cancer,'* including (a) the spatial relationship 
of HGPIN to foci of carcinoma, including the budding off 
of early invasive glands; (b) HGPIN is more common and 
multifocal in prostates containing carcinoma!*'’; (c) a 
significant subset of HGPIN and carcinoma harbor simi- 
lar molecular alterations (e.g., TMPRSS2:ERG fusion,”!** 
AMACR overexpression'**'®); (d) both HGPIN and carci- 
noma incidence increase with age and are more common in 
black men; and (e) appearance of HGPIN in the prostate pre- 
cedes carcinoma by about 10 years. 

Historically, the diagnosis of isolated HGPIN in a pros- 
tate biopsy would prompt repeat biopsy, with carcinoma 
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being detected in 40% to 60% of cases.'°''* However, con- 
temporary data in the era of extended prostate biopsy sam- 
pling have shown that the risk of cancer following diagnosis 
of HGPIN is between 21% and 27.5%.'*4!® This risk of find- 
ing cancer after unifocal HGPIN is not significantly different 
from the risk following a benign diagnosis.'*'°*-'*° Extended 
biopsy sampling has resulted in higher sensitivity for cancer 
detection, and therefore, less carcinoma is detected on sub- 
sequent samples.'* 

However, patients with multifocal HGPIN (1.e., present 
in more than 2 cores), bilateral HGPIN, and those associated 
with an atypical small acinar proliferation (ASAP) diagno- 
sis on biopsy have a higher risk of harboring concomitant 
prostate carcinoma and should be more aggressively fol- 
lowed.'*4157'7°"'73 Multifocal and bilateral HGPIN are con- 
sidered adverse features significantly increasing the risk of 
prostate cancer detection; other clinical variables such as 
serum PSA and abnormal rectal examination are taken into 
account. "* The estimated probabilities in detecting cancer 1 
and 5 years after a benign diagnosis are 3.7% and 22.5% 
and are much higher with multifocal HGPIN at 9.1% and 
47.8% and bilateral multifocal HGPIN at 12.5% and 57.8%, 
respectively.!4 


Molecular Biology 


There is genetic evidence associating HGPIN and prostate 
carcinoma. HGPIN and cancer share similar chromosomal 
anomalies, telomere shortening, alterations in members of the 
bcl-2 gene family, decreased expression of NK X3.1 and p27, 
and overexpression of p16, p53, MYC, and AMACR.10175-186 
TMPRSS2:ERG fusion, which is seen in about half of clini- 
cally localized prostate cancers, can also be detected in 16% 
to 21% of HGPIN that is usually intermingling with can- 
cer foci.”'**'87 When TMPRSS2:ERG is detected in cancer 
and in HGPIN in the same prostate, the matching lesions 
usually share the same fusion pattern." Sixty percent of 
TMPRSS2:ERG fusion-negative prostate cancer has also 
concomitant fusion-negative HGPIN.'* 

DNA aneuploidy is common in both HGPIN (65%) and 
cancer (62%).'*> There is high correlation (75% of cases) 
in ploidy and pattern of cytogenetic alterations between 
HGPIN and paired prostate cancer foci in the same speci- 
men.'*> Numeric alterations of chromosomes 7, 8, 10, 
12, and Y are common in both HGPIN and carcinoma, 
although the mean overall number of alterations is higher 
in carcinoma.'” Chromosome 8p deletion is the most com- 
monly detected allelic loss, present in both HGPIN and 
carcinoma." A genetic pathway for prostate carcinogen- 
esis has been proposed with two distinct initiating events, 
namely, 8p and 13q losses.'** Loss of 8p leads to devel- 
opment of HGPIN and carcinoma, whereas loss of 13q 
leads to carcinoma without the presence of HGPIN. These 
primary chromosomal imbalances are then preferentially 
followed by 8q gain; 6q, 16q, and 18q losses; and a set 
of late events that make recurrent and metastatic prostate 


cancers genetically more complex.'** Nuclear morphomet- 
ric studies also show no significant difference in nuclear 
volume between HGPIN and cancer, but both show sig- 
nificant increments from benign prostatic glands.!8>! p53 
mutation is suggested to be an early change in prostate car- 
cinogenesis, and p53 overexpression associated with chro- 
mosomal instability is greater in HGPIN foci intermingled 
with cancer compared to HGPIN away from cancer.'* 
Hypermethylation of glutathione S-transferase, consid- 
ered to be a major event in prostate carcinogenesis, can be 
detected in HGPIN. "°? 


Clinical Features 


Isolated HGPIN does not cause any specific symptoms. 
The lesion is encountered as an incidental finding in pros- 
tate specimens, often in biopsies performed for an abnor- 
mal serum PSA level. It is however debatable whether or 
not HGPIN is the actual cause of the elevated PSA since it 
is difficult to exclude an undetected coexistent carcinoma, 
and in some cases, the PSA elevation may relate to BPH 
or inflammation. By ultrasound, it has been suggested that 
HGPIN may be associated with a hypoechoic pattern in the 
peripheral zone similar to carcinoma. !°!° 

No treatment (e.g., surgery, radiotherapy, hormonal 
therapy) is warranted for HGPIN, unless a concomitant car- 
cinoma is identified. Several clinical trials are being under- 
taken targeting HGPIN using different agents, including 
antiandrogens, 5a-reductase inhibitors, and even dietary 
nutrients and supplements, as chemopreventive measures for 
the development of prostate carcinoma.'*’ 

As discussed above, the current clinical practice is to 
perform a repeat biopsy after a diagnosis of HGPIN when 
it is multifocal, bilateral, or associated with ASAP !55!57 If 
carcinoma is detected on repeat biopsy, it may or it may not 
be present in or adjacent to quadrant where HGPIN was 
detected.!%-!°7!°5 In 40% to 74% of cases, the carcinoma will 
be detected at the area of HGPIN.'®*'%!°° On average, 30% 
of carcinomas are found on the contralateral side." The 
incidence of detection of subsequent carcinoma in patients 
with isolated HGPIN increases when rebiopsy is performed 
at 1 and 3 years. At mean biopsy intervals of 34 months (first 
rebiopsy) and 66 months (second rebiopsy), cancer was 
detected at 22% and 23%, respectively, with a high likeli- 
hood for organ-confined and clinically significant disease.'” 
Thus, while rebiopsy within | year may not be that crucial, 
biopsy at longer intervals can be beneficial and should be 
considered as a valid follow-up option. 


Pathology 


HGPIN is not associated with any recognizable gross find- 
ings. Histologically, PIN consists of preexisting ducts and 
acini, usually of medium to large size, lined by crowded 
secretory cells with abnormal cytologic features. PIN is 
divided into low and high grade. Low-grade PIN exhibits 
tufted or micropapillary patterns with nuclear crowding, 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


stratification, and irregular spacing. Nuclei are mildly 
enlarged, and, in particular, nucleoli are inconspicuous to 
only rarely prominent. 

HGPIN shows proliferation of medium- to large-sized 
glands. The cells have increased basophilia or amphophilia 
that can readily be detected at low-power magnification. 
The nuclei are larger, are round, show overlapping, are 
hyperchromatic, have nuclear membrane irregularity, and, 
most importantly, show prominent nucleoli easily appre- 
ciable at 20x magnification (Fig. 9-7). Multiple nucleoli 
may be present and, similar to carcinoma, are occasionally 
peripherally situated close to the nuclear membrane. The 
diagnostic threshold for HGPIN varies, as some individ- 
uals require all cells to be atypical and others require at 
least 10% of the cells to have prominent nucleoli. If the 
cytologic threshold for diagnosis is doubtful or borderline, 
our practice bias is not to consider the lesion as HGPIN. A 
preserved or discontinuous basal cell layer may be readily 
identified on routine slides or with use of basal cell-specific 
immunostains. 

PIN may exhibit several architectural and cytologic fea- 
tures (Table 9-6). There are four major architectural patterns 
described for HGPIN, namely, tufted, micropapillary, crib- 
riform, and flat HGPIN (Fig. 9-8).!°8 Multiple patterns of 
HGPIN may be seen concurrently within a specimen. Tufted 
PIN is the most common pattern seen in 87% of PIN and is 
characterized by stratification of acinar cells imparting lumi- 
nal undulations or folds (Fig. 9-8A). Micropapillary PIN 
is also common (85%), which shows nuclear stratification 
forming intraluminal slender filiform projections and cellu- 
lar budding (Fig. 9-8B). Cribriform PIN (32%) shows com- 
plex intraluminal proliferation resulting in multiple irregular 
or round punched-out lumina (Fig. 9-8C). Cribriform PIN in 
particular may show “cellular maturation” wherein periph- 
eral cells show greater nuclear atypia (i.e., nucleomegaly, 
prominent nucleoli) than do cells at the luminal or central 


Figure 9-7 E HGPIN is characterized by presence of high- 
grade nuclei. 


Chapter 9 W Adenocarcinoma of the Prostate 571 


Table 9-6 & COMMON AND UNUSUAL 


PATTERNS OF HGPIN 


Basic Architecture 
Tufted 

Micropapillary 

Cribriform 

Flat 

Other Patterns 

Foamy 

Inverted or “hobnail” 
Small cell 

Signet ring 

Mucinous 

PIN with squamous differentiation 
Miscellaneous Features 


Apocrine snouts 
Cytoplasmic lipochrome 
Paneth cell-like change 


aspect. Flat PIN (25%) lacks significant cellular stratifica- 
tion and is composed of only 1 or 2 cell layers (Fig. 9-8D). 
Other uncommon types have been described such as foamy 
(Fig. 9-9), inverted or “hobnail” (Fig. 9-10), small cell (Fig. 
9-11), signet ring, mucinous, and PIN with squamous differ- 
entiation.” Rarely, PIN may involve large cystic glands 
and glands in nodular hyperplasia and exhibit mucinous 
metaplasia.'°* Central necrosis is not a feature of HGPIN, 
and its presence should raise concern for an invasive or intra- 
ductal carcinoma (IDC). 

Several other features may be present in HGPIN includ- 
ing luminal cytoplasmic blebs, epithelial arches, cellular 
trabecular epithelial bars, “Roman” bridges, partial gland 
involvement, and basal cell layer disruption with glan- 
dular budding. Additionally, luminal cytoplasmic blebs, 
cytoplasmic lipochrome deposits (Fig. 9-12), and scattered 
Paneth-like cells (Fig. 9-13) may be present in HGPIN. 
Small round blue-tinged vacuoles (so-called blue blobs) 
are present in increased frequency in HGPIN compared to 
nonneoplastic glands. Rarely, HGPIN may also exhibit api- 
cal snouts (Fig. 9-14). A variety of luminal features may 
also be observed in HGPIN such as amorphous protein- 
aceous secretions, corpora amylacea, exfoliated cells, and 
rarely crystalloids. The basic approach for diagnosis is to 
screen for HGPIN at low-power magnification and to con- 
firm the cytologic features at high-power, similar to cancer. 
Interobserver reproducibility for the diagnosis of HGPIN 
is fairly high among urologic pathologists and is moderate 
among general surgical pathologists.'** HGPIN is noninva- 
sive and must be associated with of basal cells (Fig. 9-15). 
The basal cells can be continuous and readily apparent on 
hematoxylin and eosin (H&E) sections or discontinuous. 
A discontinuous basal cell layer may not be appreciable in 
a particular plane of section, compounding the differen- 
tial diagnosis with carcinoma. Use of basal cell markers 
(p63, CK5/6, HMWK [keratin 348E12]) may highlight the 
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Figure 9-8 E Basic patterns of HGPIN include (A) tufted, (B) micropapillary, (C) cribriform, and (D) flat architectures. Note the 
presence of cell maturation in cribriform HGPIN. 
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Figure 9-11 Æ Small cell HGPIN. The small cells do not 
express neuroendocrine markers. 


discontinuous basal cell layer around the involved acini or 
ducts.” AMACR stains the dysplastic or neoplastic cells, 
but immunostaining can be variable at 44% to 90%, 199704207 
HGPIN cells stain positively for PSA, prostate-specific acid 
phosphatase (PSAP), prostate-specific membrane antigen 
(PSMA), and pro-PSA.7%8209 Small cell HGPIN does not 
show reactivity for synaptophysin and chromogranin, sug- 
gesting that it is not a manifestation of neuroendocrine 
differentiation.” 

If HGPIN (without invasive foci) is found in prostate nee- 
dle biopsy specimens, it is prudent to consider performing 
deeper sections particularly if HGPIN is extensive or asso- 
ciated with ASAP (glandular atypia). If isolated HGPIN is 
detected in a TUR, further sampling of the specimen may 
be considered depending on factors such as the patient’s age 
and PSA value. The presence of HGPIN in biopsies without 
concomitant invasive foci should be reported. The site and 
number of biopsy cores involved by HGPIN should also be 


Figure 9-12 E Lipochrome pigments may sometimes be seen 
in HGPIN. 
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Figure 9-13 E HGPIN with scattered Paneth-like cells. 


documented. Further, the number of foci of HGPIN (e.g., 
isolated, focal, multifocal, extensive) should be reflected 
in the report. In the presence of carcinoma in or a needle 
biopsy (resection), reporting of HGPIN becomes optional. 
However, in the setting of a small focus of carcinoma, the 
presence of extensive HGPIN may be taken into account in 
determining treatment. 


Differential Diagnosis 


A variety of carcinomas especially adenocarcinoma variants 
enter the differential diagnosis of HGPIN, and distinction 
among these can be difficult, particularly in limited samples. 
Of note, acinar adenocarcinoma with a cribriform pattern, 
ductal adenocarcinoma, and IDC (intraductal spread of can- 
cer) may cause diagnostic difficulties. High-grade acinar car- 
cinoma with a cribriform pattern (Gleason grade 4 or 5) shows 
architectural overlap with cribriform HGPIN. Unlike HGPIN, 
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Figure 9-15 E Cocktail of AMACR, HMWK, and p63 on 


HGPIN shows the presence of basal cells (brown) and increased 
AMACR expression (red). 


cribriform adenocarcinoma exhibits more complexity includ- 
ing the presence of large expansile glands (bigger than preex- 
isting glands), confluence or back-to-back glands, consistent 
cribriform architecture, and associated solid nests or may 
have intraluminal necrosis (Gleason pattern 5). Basal cells are 
absent in invasive cribriform carcinoma, but this may need to 
be confirmed with basal cell immunostains. Ductal adenocar- 
cinoma may resemble the different architectures of HGPIN. 
Ductal adenocarcinoma is characteristically composed of tall 
columnar cells that are frequently pseudostratified and can 
be mitotically active. Unlike HGPIN, ductal adenocarcinoma 
may have large expansile glands and papillae with true fibro- 
vascular stalks, and the cells do not exhibit luminal “matura- 
tion.” Invasive features such as crowded back-to-back glands, 
stromal fibrosis, perineural invasion (PNI), and extraprostatic 
extension (EPE) are present in ductal adenocarcinoma. Basal 
cells are absent in the majority of ductal adenocarcinomas 
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Figure 9-16 E Examples of (A) HGPIN with adjacent Gleason pattern 3 carcino 


glands that may represent outpouching (HGPIN-ATYP). 
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that can be confirmed with basal cell immunostains. IDC of 
the prostate can be very difficult to distinguish from HGPIN 
due to the lack of a consistent morphologic cutoff separat- 
ing these two entities. IDC like HGPIN involves large glands 
containing markedly atypical cells and notably has preserved 
basal cells (see subsequent section). Unlike HGPIN, the 
glands of IDC can be expansile and show extensive cribriform 
change, sometimes with comedonecrosis. A lumen-spanning 
proliferation of cells with marked atypia and mitoses is usu- 
ally seen associated with high-volume and high-grade carci- 
noma (Gleason pattern 4 or 5). However, without an invasive 
focus, IDC can be very difficult to distinguish from HGPIN in 
limited biopsy material. Sometimes, a descriptive term such 
as “markedly atypical cribriform proliferation” or “atypical 
cribriform lesion” can be used and the differential diagnosis 
explained in a comment. Generally such cases require addi- 
tional biopsies. 

In needle biopsy, when an atypical small glandular focus 
is identified next to HGPIN (so-called PIN-ATYP or PIN- 
ASAP), distinction should be made between a tangentially 
sectioned outpouching of HGPIN (so-called transitive glands) 
and a small focus of low-grade acinar adenocarcinoma 
(Gleason pattern 3) (Fig. 9-16). Immunostains are useful only 
if basal cells are demonstrated in the small glands, confirming 
outpouching of HGPIN. Even if no basal cells are present, 
they still could represent HGPIN, as the basal cell layer can 
be discontinuous or markedly attenuated. If a definitive diag- 
nosis cannot be reached, our approach is to label the entire 
focus as “HGPIN with an atypical small acini suspicious but 
not diagnostic for carcinoma” or similar terminology. 

Other malignant differential diagnoses for PIN include 
stratified or “PIN-like” adenocarcinoma, basal cell/ade- 
noid cystic carcinoma, and urothelial carcinoma spreading 
through prostatic ducts and acini. “PIN-like” adenocarci- 
noma has stratified epithelium and may form medium-sized 
glands and, as the name implies, resemble HGPIN par- 
ticularly flat or tufted patterns. Unlike HGPIN, “PIN-like” 
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adenocarcinoma has no basal cells and may be associated or 
mingled with typical acinar carcinoma. Basal cell/adenoid 
cystic carcinoma contains basaloid-appearing cells with 
smaller nuclei and exhibits solid or adenoid cystic patterns 
and basement membrane material. Unlike HGPIN, basal cell/ 
adenoid cystic carcinoma expresses p63 and keratin 34BE12 
and is usually negative for PSA and PSAP. Urothelial carci- 
noma originating in the urethra or prostate may spread within 
the prostatic ducts and acini without invading stroma and 
thus mimic HGPIN. Urothelial carcinoma, however, tends 
to fill and expand the ductal or acinar lumen exhibiting solid 
growth and has significant cell pleomorphism and increased 
mitotic activity. The cells of urothelial carcinoma may have 
dense eosinophilic cytoplasm and may show squamoid fea- 
tures. Randomly distributed atypical cells with a pagetoid 
pattern may be present in glands involved by urothelial car- 
cinoma. Urothelial carcinoma, unlike HGPIN, expresses 
GATA3 positivity and p63, HMCK (34BE12) staining in the 
nonbasally situated cells. PSA and PSAP stains are negative. 

Several benign structures and processes in the prostate 
may also mimic HGPIN. Prostate central zone glands show 
architectural complexity including cribriform and Roman 
bridges, but lack the typical nuclear changes of HGPIN. 
Seminal vesicle/ejaculatory duct epithelium shows more 
pleomorphism than HGPIN with spotty cellular atypia, 
nuclear pseudoinclusions, degenerative nuclear changes, 
and coarse cytoplasmic lipofuscin pigment. The distinction 
between HGPIN and reactive atypia requires stringent cri- 
teria especially when infarction, inflammation, or a history 
of radiation is present. The architectural features of HGPIN 
tend to be absent in reactive glandular mimics. Urothelial 
metaplasia has multilayered cells or solid nests lacking the 
typical patterns of HGPIN. Cells are uniform and smaller 
with nuclear grooves, and a native secretory cell layer may 
be focally present. Nodular hyperplasia with prominent 
papillary infolding is often located in the transition zone, 
has background hyperplastic stroma, and lacks the nuclear 
changes of HGPIN. Cribriform hyperplasia is also in the 
transition zone, frequently shows clear cytoplasm without 
amphophilia, and lacks the nuclear changes of HGPIN. 
Atypical basal cell hyperplasia shows atypical nuclei in 
basal cells and not the secretory cells, and lumina are fre- 
quently obliterated not demonstrating the usual architecture 
of HGPIN. 


Atypical Adenomatous Hyperplasia 
Introduction 


Atypical adenomatous hyperplasia (AAH), also known as 
adenosis, has been described under different terms such as 
atypical adenosis, small acinar atypical hyperplasia, and 
atypical hyperplasia. A consensus statement in 1994 rec- 
ommended the use of the term AAH, although both AAH 
and adenosis are still used interchangeably.”'! AAH is char- 
acterized by small to medium size acini usually forming a 
well-circumscribed nodule in the transition zone associated 
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with hyperplasia, but does not fulfill the cytologic criteria 
of carcinoma.’ >" Unlike PIN, the evidence linking AAH 
to prostate carcinoma is weak at best and is still debated. It 
has been suggested that some well-differentiated adenocar- 
cinomas (Gleason patterns | and probably some 2) originally 
described before the era of immunohistochemistry were per- 
haps examples of AAH.*!* The greater significance of AAH 
in current practice is as a differential diagnosis or potential 
pitfall for cancer in the setting of small atypical glandular 
lesions in needle biopsy." 


Epidemiology 


AAH is detected more commonly in older men (mean 64 to 
70 years old), similar to carcinoma and BPH.?'*?!° AAH is 
relatively common in resection specimens and can be pres- 
ent in up to 19.6% of TUR and 23% of RP specimens.?'>?!° 
The lesion is usually found in the transition zone and less 
commonly in peripheral zone and can be multifocal. Only 
about 3% of AAH foci are exclusively seen in nontransition 
zones.”'> AAH is seen in only 2% of biopsies mainly because 
the transition zone is often less sampled.?'° 


Molecular Biology 


One study on chromosomes 7q, 8p, 8q, and 18q demon- 
strated allelic imbalance in 47% of AAH, which are also 
genetic changes present in early prostate carcinogenesis that 
suggested a link.”° One study showed a lower rate of allelic 
imbalance at 12%, with loss only within chromosomes 
8p11—12.”! By fluorescence in situ hybridization (FISH), 
chromosomal anomalies were seen in 9% of AAH cases 
compared to 55% in prostatic carcinoma.” 


AAH as Risk for Carcinoma 


There is minimal evidence to suggest that AAH is a precur- 
sor of adenocarcinoma, including low-grade transition zone 
carcinoma.'** Thus far, evidence is circumstantial, mostly 
based on morphologic findings, with little supportive molec- 
ular or clinical data. It was reported in an earlier study that 
6.4% of patients with AAH developed carcinoma compared 
to only 3.7% for patients with nodular hyperplasia; how- 
ever, the diagnosis of AAH in some cases was thought by 
experts to represent carcinoma.**? The estimation of nuclear 
volume is able to discriminate AAH and nodular hyperplasia 
from well-differentiated prostate adenocarcinoma suggest- 
ing that AAH is probably a variant of BPH.” AAH, nodular 
hyperplasia, and carcinoma show similar DNA ploidy status 
(diploid), and these three lesions are not discriminated by a 
panel of Ki-67, mib1, bel-2, and c-erbB-2.”> Nuclear Ki-67 
labeling discriminates AAH from nodular hyperplasia but 
not from carcinoma, and microvessel density is different for 
AAH and carcinoma but not for AAH and nodular hyperpla- 
sia.” Interestingly, about half of AAH foci exhibit stronger 
and more extensive AMACR expression when associated 
with prostatic adenocarcinoma.” 
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Clinical Features 


AAH is an incidental histologic finding that usually comes to 
attention in routine practice as mimicker of prostate cancer 
in needle biopsy. There is no specific gross abnormality for 
AAH other than the presence of associated nodular hyper- 
plasia in the transition zone. Reporting of AAH is optional, 
and no treatment or follow-up is warranted. 


Pathology 


At low-power, AAH exhibits a relatively well-circumscribed 
nodular proliferation of tightly packed small- to medium- 
sized glands sometimes associated with a parent duct 
(Fig. 9-17). The lesion is in the transition zone and is 
admixed with typical hyperplastic nodules. Nuclear and 
nucleolar enlargement if present are only mild. Some 
glands at the periphery of the nodule infiltrate the surround- 
ing stroma, tending to merge with adjacent benign glands. 
Usually the glands at the centers of the nodules are larger or 
dilated. Secretory cells with pale or clear cytoplasm, round 
uniform nuclei, and inconspicuous nucleoli line the glands 
(Fig. 9-18). The basal cells are discontinuous and may not 
be easily discernible, often requiring immunostains to be 
detected (Fig. 9-19). The lumina of glands occasionally con- 
tain eosinophilic secretions, crystalloids, and, uncommonly, 
basophilic mucin, features that are often seen in cancer. In 
addition, corpora amylacea may also be present in 43% of 
cases.7!¢ 

By immunostaining, basal cell markers (p63, HMWK) 
frequently show a discontinuous layer of basal cells, which 
may also be absent in occasional to many acini within the 
focus.”*°77 AMACR is focally positive in 10% of cases and 
can be diffusely positive in up to 7.5% of AAH.”’ There is 
generally less luminal accentuation of AMACR staining in 
AAH compared to adenocarcinoma. 
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Figure 9-17 E Low-power view of AAH. 


Figure 9-18 E Glands of AAH are often crowded and may 
contain luminal eosinophilic materials and crystalloids, mimicking 
carcinoma. 


Differential Diagnosis 


The diagnosis of AAH in prostate resection specimens is 
usually straightforward since the entire nodule can be appre- 
ciated as well as background hyperplasia and the transi- 
tion zone location. However, the diagnosis may be difficult 
when only part of the nodule is sampled in needle biopsy. 
The periphery of an AAH focus may show glands with lim- 
ited infiltration, and further individual glands may contain 
intraluminal mucin, crystalloids, or eosinophilic secretions, 
mimicking microacinar (Gleason pattern 3) adenocarci- 
noma. In contrast, carcinoma exhibits nucleomegaly, promi- 
nent nucleoli, and often amphophilic cytoplasm. Basal cell 
immunomarkers should be carefully interpreted in AAH 
since some of the acini may have patchy or absent stain- 
ing. All atypical glands within a focus of concern on H&E 


AAH shows patchy basal cell immunostaining (brown). AMACR 
can be positive in a small subset of AAH like in this case. 
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should have complete abscence of basal cell immunostain- 
ing in order to support a diagnosis of adenocarcinoma. 
Other benign processes in the prostate may mimic AAH 
(see Chapter 8). Usual nodular hyperplasia has better circum- 
scribed nodules with no stromal infiltration of the glands at 
the periphery. Ordinary hyperplastic glands are larger in cali- 
ber, more uniform in size and shape and usually have luminal 
papillary infoldings. Stromal proliferation is usually pres- 
ent. Sclerosing adenosis is associated with dense fibroblastic 
spindle cell stroma. The glands are more irregular, angulated, 
or pointed and may have budding, and the basal cells are usu- 
ally easy to recognize. The glands exhibit thickened basement 
membranes and may have surrounding rims of hyalinized 
stroma. Mesonephric remnants are lined by cuboidal to flat- 
tened cells and contain dense eosinophilic colloid-like mate- 
rial in the lumina. Mesonephric glands are less circumscribed 
and are more haphazardly arranged. Verumontanum mucosal 
gland hyperplasia is often subjacent to urothelium, and the 
glands often contain dark orange or brown concretions. 


Atrophy and Proliferative Inflammatory Atrophy 


Some authors have previously considered focal glandular 
atrophy as a possible precursor of prostate cancer. Focal atro- 
phy similarly occurs commonly in the peripheral zone where 
most cancer arises. But so far, there is no strong evidence 
linking pure glandular atrophy to carcinoma. However, 
atrophy associated with inflammation has been raised as a 
risk for prostate carcinoma development.* Simple atrophy 
or postatrophic hyperplasia occurring in association with 
inflammation that appears to be regenerating or proliferating 
is referred to as “proliferative inflammatory atrophy” (PIA) 
(Fig. 9-20). A topographic study showed that PIA appears 
to merge with HGPIN in 42.5% of HGPIN lesions and is 
seen adjacent to carcinoma in 30%.” Areas of presumed 
low-grade PIN are also found in association with HGPIN 
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Figure 9-20 E PIA lesion shows glandular atrophy with 
associated chronic inflammation. Ki-67 shows increase nuclear 
labeling (not shown). 
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and PIA suggesting progression from PIA to PIN and/or car- 
cinoma.” Clusters of atypical epithelial cells with nuclear 
enlargement, hyperchromasia, and enlarged nucleoli can 
also be associated with PIA.’ Cells that are phenotypi- 
cally intermediate between basal and secretory cells (CK5, 
GSTP1, c-MET, and C/EBPbeta expression) are enriched 
in PIA lesions.°*3! Somatic inactivation of glutathione 
S-transferase-pi gene (GSTP1) via CpG island hypermeth- 
ylation occurs early during prostate carcinogenesis, which 
is present in about 70% of HGPIN and more than 90% of 
carcinomas. GSTP1 CpG island hypermethylation can also 
be detected in some PIA lesions but not in normal or hyper- 
plastic epithelium.” Half of p53-positive PIA epithelial 
cells express diffuse GSTP1 immunostaining and may play 
a role in induction of p53 overexpression.*** NKX3.1 and 
p27, which are lost or down-regulated in cancer and HGPIN, 
are also down-regulated in atrophy.'**8 Currently, more evi- 
dence is required to definitively establish or disprove a rela- 
tionship between PIA and cancer. 


PATHOLOGY OF ACINAR ADENOCARCINOMA | 


Macroscopic Features 


Prostatic adenocarcinomas are often not recognized at the 
macroscopic level especially when they are small. In TUR 
samples, gross examination of chips is of little value.73473° 
In rare cases, usually with extensive tumor, the carcinoma- 
tous chips may be harder and have a yellow or orange color 
compared to the spongy tan-brown chips of nodular hyper- 
plasia.**° The color and texture of chips, however, are non- 
specific, and conditions such as granulomatous prostatitis 
can be associated with firm yellow fragments. 

In RP specimens, carcinomas are sometimes visualized 
but usually only when the tumor is large. In general, lesions, 
<5mm in diameter are not detectable.” Carcinomas were 
commonly visualized in the pre-PSA screening era when 
many patients presented with large-volume stage cT2 dis- 
ease. In one study from 1998, 63% of carcinomas were iden- 
tified in a consecutive series of RPs.”! Importantly, there 
was a false-positivity rate of 19%. The detected tumors were 
larger and of higher stage and grade than the more subtle 
ones. In recent years, with the higher proportion of cT1c 
disease, carcinoma is grossly recognized in a minority of 
cases, perhaps 30% of cases in our experience. Palpation of 
the gland is generally not helpful unless there is a significant 
peripheral nodule. 

When grossly recognized on transverse sections, carci- 
noma usually involves the posterior or posterolateral periph- 
eral zone just beneath the capsule (Fig. 9-21). Anterior 
involvement may be seen, but this is often difficult to rec- 
ognize because of admixed stromal tissue. It is useful to 
compare the right and left sides of the gland in transverse 
sections looking for asymmetry and subtle color differences. 
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Figure 9-21 E Transverse section of RP specimen showing 
peripheral nodule, right. Periurethral nodularity corresponding to a 
nodular hyperplasia is also noted. 


The tumor tissue has a smoother and more solid appear- 
ance and firmer texture than the spongy or sometimes cystic 
benign tissue. Carcinoma often has a yellow, yellow-orange, 
white, or gray color compared to the tan or beige appearance 
of benign prostate. The edges of the lesion are often indis- 
tinct, and microscopy usually reveals more tumor than was 
appreciated grossly. Extensive tumor can be overlooked since 
the whole gland may have a uniform appearance (Fig. 9-22). 
Many benign lesions such as stromal nodules, infarcts, and 
areas of prostatitis and atrophy may be grossly mistaken for 
carcinoma attesting to the nonspecificity of the macroscopic 
findings.**° Sometimes, extension of tumor beyond the con- 
fines of the gland may be seen macroscopically, but the obser- 
vation may not be accurate, and it always requires histologic 


Figure 9-22 W Transverse section of RP. Note widespread 
irregular yellow areas corresponding to extensive adenocarcinoma. 


Figure 9-23 E Parasagittal section of radical cystoprostatec- 
tomy showing adenocarcinoma extending around the seminal vesicle. 
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confirmation (Fig. 9-23). In one study,”* only one-half of 
carcinomas thought to show gross extension demonstrated 
EPE or margin positivity microscopically. In another study, 
80% of cases with extraprostatic or margin involvement were 
correctly identified on gross assessment.” Necrosis and 
hemorrhage are rarely seen in prostate carcinoma. 


Tumor Location 


About 70% of prostatic adenocarcinomas are located in 
the peripheral zone, mostly in posterior and posterolateral 
locations.”4°4! (A small number are located in the anterior 
horns of the peripheral zone.)* Ten percent to twenty-five 
percent of adenocarcinomas have an epicenter in the tran- 
sition zone, and some of these also have peripheral zone 
involvement.””°4! Tumors uncommonly arise in the central 
zone, about 5% in two studies.**°"! In some cases, especially 
where there is more extensive tumor, the zone of origin can- 
not be determined. 

There are clinicopathologic differences between tumors 
arising in the peripheral and transition zones.?™*!?® Peripheral 
zone carcinomas are more commonly detected by needle 
biopsy, show higher Gleason scores, and are more likely to 
be extraprostatic than transition zone carcinomas.*“5 The 
latter are more likely to be detected in TUR specimens, have 
lower Gleason scores and be organ confined. Nevertheless, 
some high-grade transition zone tumors may be encoun- 
tered, and some may be difficult to detect because of biopsy 
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Figure 9-24 E Transverse section of RP showing prominent periurethral nodular lesions, which corresponded to extensive transition 
zone adenocarcinoma. A: Transverse section of RP specimen. Note yellow-tan nodular lesions in transition zone corresponding to extensive 
adenocarcinoma. B: Low-grade adenocarcinoma (Gleason score 6) involving transition zone. 


sampling protocols.“ Additionally, low-grade, high-volume 
transition zone tumors may be found, and these cases may 
be present with a high serum PSA (Fig. 9-24). Some have 
suggested that transition zone tumors have a distinct appear- 
ance with acini lined by columnar cells with basally located 
nuclei, but this latter can be seen in peripheral zone carci- 
nomas as well.” Interestingly, there have been some papers 
discussing differences in biomarker and molecular genetic 
findings between zones, but all of these changes may be 
related to the underlying Gleason score.” The outcome data 
on differences between peripheral and transition zone tumors 
are mixed, some studies showing better outcomes and others 
showing no difference at all.”®25° Central zone carcinomas 
are uncommon and, in at least one study, have been associ- 
ated with high Gleason score and high rates of extrapros- 
tatic involvement.”*! The specific location of a tumor does 
not appear to have any independent prognostic significance. 


Tumor Focality 


Adenocarcinomas are commonly multifocal in 50% to >90% 
of cases.*°? *> The additional tumors are often small and are 
often located at the apex. Commonly, the multifocal tumors 
involve both peripheral and transition zones (Fig. 9-25). 
Analysis of histologic and molecular features in multifo- 
cal tumors shows significant heterogeneity.7°°75’ There is a 
suggestion based on comparative genomic hybridization 
and gene rearrangement studies (TMPRSS2) that multifocal 
prostatic adenocarcinomas arise from independent clones.” 


General Approach to Microscopic Diagnosis 


Major Diagnostic Criteria 


The diagnosis of adenocarcinoma of the prostate is based on 
the careful analysis of H&E-stained slides using a systematic 
approach. The slides are derived from a variety of specimen 


types including thin-core needle biopsies, prostatic chips, 
suprapubic and RPs, and, at times, metastatic sites. Time-tested 
morphologic criteria are analyzed in an algorithmic fashion 
starting from scanning power to high magnification. The his- 
tologic diagnosis of adenocarcinoma involves the assessment 
of overall glandular architecture, the cellular composition of 
individual architectural structures, and the cytologic features 
of constituent cells. The criteria advanced by Arthur Purdy 
Stout et al.?°° are as applicable today as they were in the 1950s. 
They include (a) glandular pattern usually manifest by small 
irregular glands without any particular relation to adjacent 
glands or stroma, (b) arrangement of glandular epithelium 
with a lack of basal cells, and (c) cellular details including 
large deeply staining nucleoli. This morphologic triad consti- 
tuted the major diagnostic criteria proposed by Algaba.”© In 


Figure 9-25 E Diagram of RP showing multifocal adenocarci- 
noma with involvement of transition and peripheral zones. (Reprinted 
from Eggener S, et al. Focal therapy for prostate cancer: possibilities 
and limitations. Eur Urol 2010;58(1):57—64, with permission.) 
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Table 9-7 m MICROSCOPIC DIAGNOSIS OF 


ADENOCARCINOMA 
Major Diagnostic Criteria 


1. Disordered glandular architecture 
2. Tinctorial alteration 

3. Absence of basal cells 

4. Nuclear atypia including nucleolar enlargement 
Minor Diagnostic Criteria 

1. Eosinophilic luminal secretion 

2. Basophilic luminal mucus 

3. Luminal crystalloids 

4. Mitotic figures 

5. Apoptotic bodies 

6. Smooth rigid luminal borders 

7. Associated high-grade PIN 


that study, minor criteria included basophilic luminal secre- 
tions, pink amorphous secretions, intraluminal crystalloids, 
amphophilic cytoplasm, mitotic figures, and adjacent high- 
grade PIN. Our approach to diagnosing prostatic adenocar- 
cinoma also utilizes major and minor criteria (Table 9-7). In 
addition to architectural pattern, absence of basal cells, and 
nuclear abnormalities including nucleolar enlargement, we 
include tinctorial alteration as a major criterion for diagno- 
sis. Tinctorial changes are usually appreciated on scanning 
magnification, and like architectural disarray, they often draw 
one’s attention to sometimes subtle glandular abnormalities. 

The usual architectural patterns of prostatic adenocarci- 
noma are best described by referring to the classical Gleason 
drawing (Fig. 9-26).”°' This diagram not only has formed the 
historical basis for grading prostate cancer (see page 64) but 
also is important in discussing the fundamentals of diagnosis 
and differential diagnosis. In this context, the architectural 
features are presented focusing on the original nine patterns 
(1; 2; 3A,B,C; 4A,B; 5A,B) described by Gleason. The sub- 
sequent section on Gleason grading deals with the substan- 
tial modifications of the original system for the purposes of 
contemporary grading. 

Most prostatic adenocarcinomas are composed of separate 
small- to medium-sized atypical acini permeating between 
nonneoplastic glands (Gleason pattern 3A, 3B). Less com- 
monly, separate acini are arranged in tight or loose clusters 
or more randomly in stroma without admixed nonneoplastic 
glands. When individual acini are uniform in size and shape 
and show little intervening stroma and the edge of the pro- 
liferation is rounded and “pushing” without admixed non- 
neoplastic glands, the pattern conforms to Gleason pattern 1. 
This diagnosis of adenocarcinoma, of course, would require 
other criteria including an absence of basal cells and other 
cytologic criteria (see later section). Gleason pattern 1 
is nonexistent in needle biopsies and vanishingly rare in other 
specimen types, and many experts deny its existence argu- 
ing that the application of Gleason criteria as strictly written 
essentially eliminates the possibility of making this diagnosis 
since there is almost always some degree of nonuniformity 


Prostatic Adenocarcinoma 
(Histologic grades) 


Figure 9-26 W Gleason diagram showing 9 distinct patterns 
arranged in 5 grades. (Reprinted from Gleason DF. Histologic grading 
of prostate cancer: a perspective. Hum Pathol 1992;23:273-279, with 
permission.) 


in the small gland proliferation. Nevertheless, one occasion- 
ally encounters a tightly packed proliferation of uniform 
small neoplastic acini in the transition zone in TURs or RP 
specimen (Fig. 9-27). 

Gleason pattern 2 also involves small- to medium-sized 
acini without admixed nonneoplastic ones. There is more 
variation in acinar size and shape than grade 1, and the edge 
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Figure 9-27 W Gleason pattern 1. Closely packed small- to 
medium-sized acini show only slight size and shape variation. The edge 
of the lesion is visualized as a smooth pushing interface with stroma. 
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is well circumscribed but contains acini showing some size and shape 
variation with more interweaving stroma than in Gleason pattern 1. 


of the lesion is more irregular. Furthermore, there is more 
intervening stroma between proliferating glands in Gleason 
pattern 2 compared to pattern 1 (Fig. 9-28). Gleason pattern 
2 is an uncommon pattern of carcinoma that may be seen 
in the transition zone and is therefore identified in prostatic 
chips, enucleations, and RP specimens. In modern practice, 
Gleason grade 2 is virtually never diagnosed in prostate nee- 
dle biopsy specimens.?®? 

The adenocarcinomas that constitute Gleason patterns 
3A and 3B show a greater degree of infiltrative growth than 
pattern 2 tumors, and in fact, they are the commonest pat- 
terns of prostate carcinoma. There is a greater degree of size 
and shape variation compared to Gleason pattern 2 tumors 
especially in the 3A tumors, and there is greater separa- 
tion of acini (Fig. 9-29). The 3A tumors include small to 
mostly medium and sometimes large acini that are irregular 
and commonly show angulation and branching (Fig. 9-30). 
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Figure 9-29 W Gleason pattern 3A. Note proliferation of 


single separate acini showing size and shape variation. This lesion 
is more irregular and infiltrative than Gleason pattern 2. 


Po 
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Figure 9-30 E Pattern 3A adenocarcinoma showing focal 
glandular angulation. 


The 3B tumors are composed of small to tiny acini, some 
with lumina and others without, displaying an infiltra- 
tive growth pattern (Fig. 9-31). The most frequent pattern 
of invasion for these 3A/3B tumors is irregular infiltration 
between nonneoplastic glands (Fig. 9-32). This is the typical 
pattern recognized as a cardinal diagnostic criterion by Stout 
and others in the early days. Generally, the pattern is easily 
appreciated on low power especially if there is a reasonable 
amount of tumor. Another pattern seen with these tumors is a 
haphazard infiltration of stroma without any nearby nonneo- 
plastic glands (Fig. 9-33). There is an irregular distribution 
of glands and splitting of stroma that is readily appreciated 
on low power (Fig. 9-34). The neoplastic acini of Gleason 
grade 3 tumors can be associated with periacinar clefts 
leaving a peculiar halo-like effect (Fig. 9-35).¥°66 This 
observation while uncommon is more likely associated with 
carcinoma than benign glandular processes. 


Figure 9-31 E Gleason pattern 3B. Note small irregular acini 


infiltrating between nonneoplastic ones. All acini have at least par- 
tially discernable lumina. 
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infiltrations between nonneoplastic glands. 


While separate acini constitute the commonest mor- 
phology of adenocarcinoma, there are additional architec- 
tural patterns including cribriform, papillary, fused acinar, 
cord-like, solid, and single cell that must be recognized. 
These account for the intermediate- and high-grade pat- 
terns in the Gleason system. Gleason pattern 3C in the 
original description consists of smoothly contoured glan- 
dular aggregates with punched-out relatively uniform 
lumina creating a sieve-like pattern (Fig. 9-36). Similarly 
rounded glands with a papillary architecture were also 
included in this category. Confluence of aggregates, solid 
cylinders, and necrosis was not allowable in the 3C cat- 
egory. Sometimes, there is difficulty in separating Gleason 
pattern 3C from other patterns including cribriform 
high-grade PIN and cribriform hyperplasia (Fig. 9-37). 
Immunohistochemistry stains looking for the presence of 
basal cells may be required in some cases.??3266:267 While 
it is important to appreciate the diagnostic significance of 
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Figure 9-33 E Adenocarcinoma characterized by irregular 
permeation of stroma without any nearby nonneoplastic glands. 
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Figure 9-34 E Gleason pattern 3 adenocarcinoma showing 
splitting and permeation between stromal muscle elements. 


the cribriform pattern of adenocarcinoma, recent studies 
suggest that pathologists, for the most part, include any 
significant amount of cribriform tumor in a higher-grade 
(Gleason 4) category for the purpose of prognostication? 
(see grading section). 

The original Gleason grade 4 comprised two patterns, 
4A and 4B. Pattern 4A consists of fused glandular aggre- 
gates or chains and cords of neoplastic cells with little or no 
intervening stroma (Figs. 9-38 to 9-40). The fused glands 
can have a rounded edge or one that is more ragged. Stromal 
invasion is usually readily seen in Gleason pattern 4. Large 
and irregular cribriform masses are also part of the origi- 
nal Gleason pattern 4 (Fig. 9-41). The cells comprising most 
Gleason 4A tumors have relatively scant cytoplasm, which 
is usually amphophilic or sometimes eosinophilic. Rarely, 
Gleason 4 tumors consist of masses and sheets of fused or 
poorly formed glands with abundant clear cytoplasm. These 
so-called hypernephroid carcinomas (Gleason pattern 4B) 
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prominent periglandular spaces. 
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Figure 9-36 W Classic Gleason pattern 3C rounded cribri- 
form glands with punched-out lumina. In contemporary useage, 
this pattern is considered grade 4. 


mal infiltration. No basal cells identified. These cribriform struc- 
tures are considered Gleason pattern 4. 
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Figure 9-38 E Gleason pattern 4A. Note prominent acinar 
fusion. 
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Figure 9-39 E Gleason pattern 4A. Note striking fusion of 
acini and formation of occasional elongated acinar chains (lower 
right). 
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Figure 9-40 E Gleason pattern 4A. Note prominent fusion 
with virtually no lumen formation. 


Figure 9-41 E Gleason pattern 4A. Note large irregular and 
consulate cribriform structures with extensive infiltration of stroma. 
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Figure 9-42 E Gleason pattern 4B in needle biopsy. Note 
a fused acinar morphology with little or no gland formation. 
Individual cells have abundant clear to foamy cytoplasm and small 
dark nucleoli. 


bear a passing resemblance to renal clear cell carcinoma 
(Fig. 9-42). Interestingly, the nuclei in such cases may be 
small and dark and have inconspicuous nucleoli. 

The highest grade in the Gleason system includes a vari- 
ety of patterns including tumors composed of rounded solid 
cylinders and cribriform structures with central comedo-like 
necrosis (Fig. 9-43). The comedocarcinoma may look simi- 
lar to ductal carcinoma of the breast (Fig. 9-44). Often, there 
is a spectrum of cribriform tumor ranging from cribriform 
pattern 4 blending imperceptively into more solid cribriform 
areas (Gleason 5A). The most poorly differentiated tumors 
are composed of solid sheets, aggregates, cords, and single 
cells sometimes with vacuolated cytoplasm (signet ring 
cells) but without well-defined lumens (Figs. 9-45 to 9-47). 
Solid masses, trabeculae, and sheets of tumor with rosette- 
like structures may also be seen. Grade 5 tumors often show 
extensive stromal invasion. 

The architectural patterns of adenocarcinoma as described 
above show varying degrees of stromal disruption; however, 
stromal reaction is unusual especially in the lower grades of 
carcinoma. A desmoplastic reaction may rarely be seen in 
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ason pattern 5A. Note rounded cribriform 
structures with prominent central comedonecrosis. 
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Figure 9-44 E Cribriform carcinoma. Note extensive infil- 
tration of stroma by cylindrical and sheet-like cribriform structures. 


Gleason grade 3 carcinomas but is more commonly noted in 
higher-grade patterns (Fig. 9-48). Stromal reaction may be 
difficult to appreciate on routine slides.” Lymphocytic reac- 
tions are rarely seen in prostate carcinoma. A neutrophilic 
response is highly unusual except if there is superimposed 
acute bacterial prostatitis. A granulomatous stromal reaction 
is rarely seen. Sometimes, one can see a layered fibrous reac- 
tion at the advancing edge of the carcinoma especially in RP 
specimens when the tumor is beyond the prostatic capsule 
(Fig. 9-49). 

In addition to the above patterns that conform to the orig- 
inal Gleason diagram, there are other uncommon patterns 
of prostate adenocarcinoma that may be underrecognized 
because of their resemblance to common nonneoplastic con- 
ditions including atrophy and hyperplasia. These variations, 
which include atrophic, pseudohyperplastic, cystic, foamy 
gland, and stratified (PIN-like) adenocarcinoma, are detailed 
in the next section of the chapter. 


Figure 9-45 W Gleason pattern 5B. Note extensive tissue 
involvement by Indian file—like cords and spindle cells. 
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FiGureE 9-46 E Gleason 5B. Note solid sheet of tumor with 
only focal lumens. 


While the architectural pattern is the most common and 
most important low-power manifestation of prostatic car- 
cinoma, tinctorial alteration is another frequent phenom- 
enon that can be appreciated at scanning magnification. 
Sometimes, the tinctorial change is more obvious than any 
architectural disturbance, and we consider the glandular 
color change to be a major diagnostic criterion of adeno- 
carcinoma. The tinctorial quality of glands is somewhat 
dependent on fixation and staining. In applying this cri- 
terion, it is important to have a histology laboratory that 
produces consistent H&E staining. Tinctorial alteration is 
always judged in relation to nearby nonneoplastic glands, 
and while the change is usually manifested by increasing 
degrees of amphophilia (Fig. 9-50), this is not always the 
case. Sometimes, the neoplastic glands are clearer than the 
nearby nonneoplastic ones (Fig. 9-51). Rarely, the neoplastic 
glands have an eosinophilic hue. In addition to the general 
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Figure 9-47 E Gleason pattern 5. Note poorly differentiated 
cells arranged in cords, and individually. Many cells show promi- 
nent signet ring cell change. 
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Figure 9-48 E Adenocarcinoma showing a desmoplastic 

stromal reaction. 


difference in “color temperature,” the neoplastic cells may 
show more specific cytoplasmic changes including Paneth 
cell-like alteration, which usually indicates neuroendocrine 
differentiation (Fig. 9-52). Paneth cell-like change when 
present is usually focal, but in rare cases, it may be exten- 
sive. Neoplastic glandular cells may have a microvacuolated 
appearance (so-called foamy gland or xanthomatous change) 
or a macrovacuolated (signet ring—like cell) morphology 
(see later section). In very rare instances, the cells may dis- 
play an oncocytic look with abundant granular eosinophilic 
cytoplasm (Fig. 9-53). 

A third major criterion for the diagnosis of adenocar- 
cinoma is an absence of basal cells, often but not always 
resulting in single cell-layered glands. Most normal and 
hyperplastic glands show a double layer with luminal secre- 
tory cells enveloped by basal cells.?” The basal cell layer 
may be complete or discontinuous, a feature that is often 
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Figure 9-49 E Fibrous reaction at advancing edge of carci- 
noma in extra-prostatic extension. 
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Figure 9-50 E Gleason pattern 3 adenocarcinoma showing 
cytoplasmic amphophilia. 


difficult to discern with an H&E-stained slide. Most benign 
mimickers of adenocarcinoma have complete or incomplete 
layers of basal cell.?°°%°?”! The usual patterns of complete 
atrophy show complete basal cell layers, while partial atro- 
phy, postatrophic hyperplasia, and AAH typically have a dis- 
continuous layer.?!*?!°°77 Some benign glands especially 
in areas of partial atrophy totally lack a basal cell layer, and 
therefore, an absence of basal cells is not a specific criterion 
of malignancy.?°"?’8 Nevertheless, in adenocarcinoma, 
basal cells are absent, and this feature is an important aid in 
establishing a malignant diagnosis (Fig. 9-54). 

Careful microscopy at medium to high power is often 
required to appreciate the basal cell layer. Basal cells are 
darker than secretory cells, have relatively high nuclear to 
cytoplasmic ratios and may have a variety of shapes includ- 
ing cuboidal, triangular, and elongated forms (Fig. 9-55). The 
last may be difficult to separate from periglandular stromal 


5 2 N £ 
NRAN 
Figure 9-51 W Gleason pattern 3 adenocarcinoma showing 
abundant pale cytoplasm. 


cells, which may be closely apposed to glands. Additionally, 
distorted or poorly preserved neoplastic glands may simulate 
basal cells. Most small acinar carcinomas display a single 
layer of abnormal cells; however, some carcinomas show 
cellular overlapping creating a double layer with an apparent 
basal cell component (Fig. 9-56). Careful inspection in these 
cases shows nuclear atypia in all cells including the basally 
located ones, thus helping to confirm a malignant diagnosis. 
While it is clear that the absence of basal cells is important 
in acinar carcinoma, it is also critical in the analysis of atypi- 
cal cribriform and papillary proliferations. Invasive cribri- 
form carcinoma may be difficult to separate from high-grade 
intraepithelial neoplasia and intraductal spread of adenocar- 
cinoma (see later section). The complete lack of basal cells 
is important in arriving at a correct diagnosis. 

The observation of basal cell absence can be judged 
on routine slides in most cases; however, one may need to 
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Figure 9-53 WE Adenocarcinoma composed of cells with 
abundant eosinophilic cytoplasm. 
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Figure 9-54 E Adenocarcinoma composed of single-layered 
glands with no basal cells identified. 


employ basal cell markers (see later section) in some cases 
especially when the issue of periglandular stromal cells is a 
problem or when there is more than one layer with cellular 
overlapping or in situations where there are only very few 
glands on which to base a judgment (Fig. 9-57). A basal cell 
marker should not be considered a “malignant stain” since 
one is looking for a negative observation, a finding that may 
also be rarely seen in benign glands.2°° 

Nuclear atypia is the fourth major criterion for diagnos- 
ing malignancy. It is usually manifested by nuclear and 
nucleolar enlargement. Historically, the latter has been 
emphasized as a key feature of adenocarcinoma; however, 
the finding while helpful may not always be present.?”??* 
Prominent nucleoli are generally defined as ones measur- 
ing 1 to 3 um in diameter, and they have an amphophilic or 
eosinophilic coloration (Fig. 9-58). The absence of promi- 
nent nucleoli may result from a number of factors including 
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Figure 9-55 W Nonneoplastic prostatic glands showing 

prominent basal cells with elongate and triangular forms. 
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Figure 9-56 W Adenocarcinoma showing cellular overlap- 
ping with no basal cells. 


poor fixation or processing, type of fixative, thick section- 
ing, and overstaining. Some fixatives such as Bouin or B5 
can lead to nucleolar prominence even in normal and hyper- 
plastic glands. The use of such fixatives is discouraged in 
prostate biopsy pathology. While enlarged nucleoli are 
typical of carcinoma, they may be seen in other conditions 
such as high-grade PIN, radiation effects, inflamed glands, 
and basal cell hyperplasia.7**?*> Multiple nucleoli are seen 
in malignancy more often than in benign lesions; how- 
ever, they are not considered a specific malignant feature 
(Fig. 9-59).?”8° In addition to the technical factors that may 
obscure nucleoli in malignant glands, there are some carci- 
nomas that are considered nucleolus poor (Fig. 9-60).78° In 
one study of limited carcinoma, one-quarter of cases lacked 
prominent nucleoli.” In another analysis of low-grade ade- 
nocarcinoma, 8% of cases lacked nucleoli, and a further 20% 
only showed rare prominent nucleoli.” Furthermore, certain 
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Figure 9-57 W Gleason pattern 3 adenocarcinoma showing 
absence of basal cells with basal cell marker. Note the useful 
internal positive control of positive staining in basal cells of a 
nonneoplastic gland (lower right). 
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Figure 9-58 W Adenocarcinoma showing prominent cyto- 
plasmic amphophilia and enlarged nuclei with large inclusion-like 
nucleoli. 


patterns of adenocarcinoma, especially hypernephroid car- 
cinoma (Gleason pattern 4B), and the nuclei are often dark 
and have a pyknotic appearance with inconspicuous nucleoli 
(Fig. 9-61). The key point here is that the nuclear atypia does 
not always equate to nucleolar prominence.”* In the absence 
of the latter, there are other important attributes of nuclear 
atypia to look for including nuclear enlargement, nuclear 
shape and membrane irregularities, hyperchromasia, and 
parachromatin clearing (Fig. 9-62). These features need to 
be assessed using high-power microscopy. 


Minor Diagnostic Criteria 


The minor diagnostic features generally occur more fre- 
quently in adenocarcinoma than in benign lesions and are 
useful as sentinels for a malignant diagnosis especially when 
other criteria may not, at least initially, be obvious. A minor 
feature may draw one’s eyes to an abnormality and prompt 


Figure 9-59 E Adenocarcinoma showing prominent nucleoli 
including spindle cells with multiple nucleoli. 


Figure 9-60 W Gleason pattern 3 adenocarcinoma showing 
mildly enlarged nuclei without prominent nucleoli. 


a closer look at a given group of glands. The minor criteria 
are listed in Table 9-8. 

Amorphous eosinophilic secretions are more commonly 
seen in carcinomatous glands than in benign ones.”*! The floc- 
culent secretions are pink to red and often have a granular 
appearance (Fig. 9-63). In occasional cases, nuclear debris 
may be seen but not to the extent seen in comedocarcinoma 
(Fig. 9-64). The secretions do not have the well-defined struc- 
ture of corpora amylacea, and the exact nature of the secre- 
tory material or its relationship with neoplasia is unclear. 
Eosinophilic secretions may be found in up to 84% of ade- 
nocarcinomas in prostatectomy specimens and 53% to 73% 
of minimal carcinomas in needle biopsies.’ Eosinophilic 
secretions are commonly seen in high-grade PIN and occa- 
sionally in benign glands including atrophic ones. 

Basophilic luminal mucin (blue mucin) is more frequent in 
malignant glands than in benign ones.”** The mucin is often 
focal and present as wispy small strands, or it may fill lumina 
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Figure 9-61 W Gleason pattern 4B adenocarcinoma com- 
posed of cells with small dark nuclei with no nucleoli. 
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9-63 E Gleason pattern 3 adenocarcinoma with 


FIGURE 


nuclear atypia. Note nuclear membrane irregularities, prominent 
parachromatic clearing, and focally prominent nucleoli. 


and distend glands (Fig. 9-65). On occasion, there is extensive 
involvement of acini (Fig. 9-66). The mucin stains with Alcian 
blue at pH 2.5 indicating its acidic nature. The blue mucin can 
be present on its own, or it may be accompanied by granular 
eosinophilic secretions or crystalloids. Blue mucin is pres- 
ent in up to 72% of completely embedded RP specimens and 
in 18% to 32% of limited adenocarcinomas in needle biop- 
sies.’*??87 Blue mucin is not specific for carcinoma and may be 
seen in a variety of other processes including mucinous meta- 
plasia, basal cell hyperplasia, sclerosing adenosis, and high- 
grade PIN.” Importantly, basophilic mucin may also be seen 
occasionally in atrophy and AAH (adenosis), both of which are 
common mimickers of small acinar carcinoma’? (Fig. 9-67). 
Intraluminal eosinophilic crystalloids occur more often in 
malignant than in benign glands.7*??872%9! They are nonbire- 
fringent brightly eosinophilic structures, which have a variety 
of shapes including needle-like, rectangular, and triangular 
ones (Fig. 9-68). Rarely, a crystalloid is seen in the prostatic 
stroma. They differ from corpora amylacea, which are lami- 
nated structures usually but not always with rounded contours. 
Corpora amylacea may have odd triangular or rectangular 
shapes, but they tend to conform to the shapes of glandular 
lumina and they are less brightly eosinophilic than crystalloids. 
Corpora amylacea are uncommon in acinar carcinomas but are 
regularly seen in benign glands (Fig. 9-69). Crystalloids are 
commonly associated with flocculent eosinophilic secretions 


Table 9-8 m SPECIFIC DIAGNOSTIC CRITERIA OF 
CARCINOMA 


1. Atypical glands in extraprostatic location 

2. Lymphovascular space invasion 

3. Circumferential perineural invasion 

4. Collagenous micronodules (Mucinous fibroplasia) 
5. Intraglandular glomerulations 


prominent granular eosinophilic secretions. A crystalloid is seen 
on the right. 


and may be associated with basophilic mucin as well. When 
all three luminal products are present, there is a very high like- 
lihood that the glands are neoplastic (Fig. 9-70). Crystalloids 
are more commonly present in low-grade acinar carcinomas 
and are rarely seen in Gleason grade 4 and 5 tumors. The 
composition and mechanism of formation of crystalloids are 
poorly understood although they are known to contain a high 
content of sulfur??? Like other minor diagnostic criteria, 
crystalloids often draw the pathologist’s attention to an area 
of abnormality. 

Mitotic figures are rarely detectable in benign glands but 
may occur more often in reactive epithelium and high-grade 
PIN. In needle biopsies, they are present in about 10% of 
Gleason 6 adenocarcinomas and more commonly in high- 
grade tumors.”*?8’ Mitotic figures are uncommon in the 
low- to intermediate-grade (Fig. 9-71) (Gleason scores 2 to 7) 
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Figure 9-64 E High-powered photomicrograph of carcino- 
matous glands showing eosinophilic luminal secretions and scat- 
tered nuclear debris. 
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Figure 9-65 W Adenocarcinoma Gleason pattern 3 showing 
luminal basophilic mucin. 
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Figure 9-66 E Adenocarcinoma showing extensive luminal 
mucin. 
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Figure 9-68 E High-power photomicrograph showing prom- 
inent crystalloids of varying shapes. 
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FIGURE 
material, basophilic mucin, crystalloids. 


9-70 E Admixed luminal products—eosinophilic 
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Figure 9-71 E High-powered photomicrograph of adenocar- 
cinoma showing a mitotic figure. 


carcinomas and more likely to be seen in Gleason grade 8 to 10 
tumors.” Atypical mitotic figures are almost never identified 
except in high grade tumors (Fig. 9-72). Overall, the finding 
of a mitotic figure is neither sensitive nor specific for a diagno- 
sis of adenocarcinoma, but it should prompt the pathologist to 
take a closer look at the involved gland and nearby ones. 

Some authors have found the presence of apoptotic bodies 
useful (Fig. 9-73). Apoptotic bodies are found in decreas- 
ing frequency in carcinoma, high-grade PIN, and benign 
glands, respectively.” 297 

With respect to cytoplasmic membrane features, it has been 
suggested that neoplastic acini have a more “rigid” appear- 
ance with smooth sharp cytoplasmic borders (Fig. 9-74). 
While this feature is common, it is not specific for carcinoma 
and indeed some benign glands, especially in atrophy will 
also demonstrate smooth luminal borders. Furthermore, some 
carcinomas have irregular and undulating luminal edges. 

The presence of high-grade PIN should heighten the 
pathologist’s suspicion that carcinoma may be present in the 
immediately adjacent tissue or in a separate fragment. In one 


FiGURE 9-72 W Atypical mitotic figures in high-grade carcinoma. 
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Figure 9-73 E Adenocarcinoma showing a few apoptotic 
bodies. 


study, 47% of patients with high-grade PIN in one core had 
carcinoma in a separate core compared to 31% of cases with- 
out high-grade PIN. 


Putatively-Specific Diagnostic Criteria 


The presence of abnormal prostatic acini outside the pros- 
tate gland is a definitive indicator of malignancy with a few 
caveats. Ectopic prostate tissue may be found in a variety of 
sites including bladder, seminal vesicle, retrovesical space, 
and pericolonic fat, to name a few. The prostate epithelium 
in these cases can appear normal, atrophic, or hyperplas- 
tic. Therefore, it is important to recognize that the glands 
in question have some degree of abnormality, as defined 
above, in order to use this criterion. When neoplastic acini 
are outside the prostate gland, they usually involve peripros- 
tatic connective tissue, which generally contains fat. On rare 
occasions, one may see atypical acini in fibroadipose tissue 
at the tip of a core biopsy that is otherwise free of carci- 
noma (Fig. 9-75). While no tumor is present in the prostate 
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Figure 9-74 W Adenocarcinoma, Gleason pattern 3. Note 
smooth “rigid” luminal cytoplasmic borders. 
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Figure 9-75 E Low-power photomicrograph showing ade- 
nocarcinoma in periprostatic fibroadipose connective tissue. No 
actual involvement of prostate parenchyma was present. 


proper, this finding is generally diagnostic of prostatic car- 
cinoma and suggests that the intraprostatic tumor has not 
been sampled. One must be cautious in such situations since 
metastatic carcinoma (e.g., gastrointestinal signet-ring car- 
cinoma) may also present in this fashion, so prostatic marker 
studies may be useful. It is important to be aware that intra- 
prostatic fat can rarely be seen. Involvement of seminal ves- 
icle or bladder tissue by atypical prostatic glands is a good 
indicator of malignancy. 

Lymphovascular space invasion is considered a specific 
criterion for malignancy; however, it is rarely seen and, when 
present, is usually associated with high-grade carcinoma that 
is diagnostically obvious (Fig. 9-76). We are not personally 
aware of a case in which lymphovascular involvement by 
tumor was the only criterion of malignancy, but it remains a 
theoretical possibility. 

With the exception of seeing abnormal acini clearly beyond 
the confines of the prostate or as an isolated finding in lym- 
phovascular spaces, there are three reasonably specific criteria 


Figure 9-76 E Intralymphatic adenocarcinoma. 


diagnostic of carcinoma. They are circumferential PNI, col- 
lagenous micronodules, and intraglandular glomerulations. 

PNI has historically been recognized as a common feature 
of adenocarcinoma and one that is important for diagnosis. In 
RP specimens, PNI is present in up to 94% of cases. A recent 
pooled analysis of biopsy studies shows that 22% of adeno- 
carcinomas exhibit PNI.” The likelihood of seeing perineural 
invasion is related to the grade and amount of tumor. In mini- 
mal carcinomas, the frequency of PNI has been reported to be 
as low as 2%. In rare cases, a small focus of perineural carci- 
noma is the only feature identified (Fig. 9-77). Originally, it 
was thought that PNI represented perineural lymphatic space 
invasion, but this hypothesis has been disproven. The nerves 
represent a pathway of least resistance for spread of carci- 
noma, and in fact, there may be an active process resulting in 
a tropism of carcinoma cells for nerves.’ Perineural “inva- 
sion” can have a number of patterns ranging from tumor cells 
abutting or indenting nerves to true circumferential involve- 
ment (Figs. 9-78 and 9-79). It is only the latter that should be 
considered a specific diagnostic criterion of malignancy.°°3! 
Normal, hyperplastic, and occasionally atrophic glands may 
abut or indent intraprostatic nerves. Likewise, while intraneu- 
ral involvement suggests malignancy, however, there are rare 
examples of intraneural benign glands, so one should exercise 
caution in using this situation.” 

PNI can have many forms. Circumferential involvement 
can be seen in transverse or longitudinal sections (Fig. 9-80). 
Partial circumferential involvement is sometimes manifested 
as crescentic extension of neoplastic glands around nerves. 
Peninsular or knob-like patterns of PNI may also be noted 
(Fig. 9-81). Neoplastic glands can directly invade nerves and 
can be completely surrounded by nerve tissue. Involvement 
of ganglia may also accompany neural invasion (Fig. 9-82). 
The perineural involvement may involve separate acini or 
fused glands and cribriform structures. In some cases, the 
involvement is subtle and may resemble hyperplasia or PIN 
(Fig. 9-83). The latter may have a micropapillary appear- 
ance with a nerve being in a papillary core. On occasion, 
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Figure 9-77 E Low-power photomicrograph of prostatic 
core. Note perineural carcinoma near tip on left (inset). 
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Figure 9-78 E Adenocarcinoma, Gleason pattern 3 indenting 
a small nerve. 
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Figure 9-79 E Circumferential perineural involvement by 
atypical glands is diagnostic of adenocarcinoma. 
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Figure 9-80 W® Circumferential perineural invasion in longi- 
tudinal section. 
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Figure 9-81 E Partial encasement of a small nerve by adeno- 
carcinoma creating a peninsular pattern. 
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Figure 9-82 W Adenocarcinoma infiltrating around a large 
ganglion. 
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FiGuRE 9-83 E Perineural adenocarcinoma with PIN-like 


pattern. 
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Figure 9-84 E Perineural invasion confirmed by S100 stain. 


the glands around an involved nerve may show cystic dilata- 
tion. Crushed cells can be seen around nerves, and this can 
lead to problems in differential diagnosis. Lymphocytes can 
be distributed in a perineural location, and when crushed, 
they can mimic the appearance of distorted tumor cells. 
Immunohistochemistry may be required to make a correct 
diagnosis. Sometimes stromal cells or aggregates of extra- 
cellular material such as one sees in collagenous micronod- 
ules may simulate PNI and, in selected cases immunostains 
for S-100, may be useful to confirm the presence of neural 
tissue (Fig. 9-84). 

Collagenous micronodules also referred to as musinous 
micronodules consist of rounded collections of hyalinized 
stroma admixed with or surrounded by abnormal acini.?0?3% 
Sometimes, the micronodules are actually within the lumina 
of neoplastic glands. They are composed of collagen and 
often show a few admixed fibroblast nuclei (Fig. 9-85). 
Collagenous micronodules are commonly associated with 
mucin-producing areas and likely represent a peculiar fibrous 
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Figure 9-85 W Adenocarcinoma with fused small collag- 
enous micronodules. 
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Figure 9-86 W Adenocarcinoma with extensive collagenous 
micronodules (mucinous fibroplasia). 


organization of mucus. While usually rounded, the collag- 
enous formations may be present as strands or larger lobu- 
lated masses (Fig. 9-86). Collagenous micronodules have 
not been identified in benign glandular lesions and are con- 
sidered pathognomonic of adenocarcinoma. Unfortunately, 
this feature only presents in 1% to 5 % of needle biopsies 
with carcinoma and is rarely present in cases of limited car- 
cinoma.””' Collagenous micronodules are more commonly 
found in totally embedded prostatectomy specimens. 

Intraglandular glomerulations are considered a relatively 
specific feature of adenocarcinoma. The ball-like tufts of 
fused cribriform glands project into lumina surrounded 
by crescentic spaces bearing superficial resemblance to 
Bowen spaces (Fig. 9-87). One or sometimes multiple 
points of attachment to the surrounding gland may be seen. 
Glomerulations are present in 3% to 15% of carcinomas in 
needle biopsies although our personal experience would be 
the lower end of that range.” They are extremely rare in 
limited carcinoma.”*’ 


“i, OD A Se tas 
Figure 9-87 E Adenocarcinoma with prominent intraluminal 
glomerulations. This is a specific diagnostic feature of carcinoma. 
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Ancillary Studies 


Immunohistochemistry is a valuable adjunct to routine 
microscopy in prostatic pathology. In particular, basal cell 
markers and racemase (AMACR) are useful to confirm the 
presence of adenocarcinoma, especially in small foci of atyp- 
ical glands.?°° It has been recognized for over 25 years that 
high molecular weight cytokeratin (HMWCK) decorated by 
antibody 34BE12 [CK903], is preferentially expressed in 
prostatic basal cells rather than luminal secretory cells. In 
more recent years, other basal cell-specific markers such as 
cytokeratin 5/6 and p63 have also been successfully used in 
clinical practice (Fig. 9-88).3°°?°8 Cocktails including anti- 
bodies to p63 and 34BE12 or CK5/6 are sometimes used. 
The staining is more intense because both nuclear and cyto- 
plasmic domains are being decorated. However, at a practi- 
cal level, the cocktails have no major advantage over single 
stains.*” The sensitivity and specificity of p63 and 34BE12 
are similar in needle biopsies but, for TURs p63, may have 
better sensitivity.7!? There are numerous factors that may 
interfere with successful immunohistochemical staining, 
and it is important to carefully assess internal and external 
controls when looking at basal cell markers. Factors such 
as time to fixation, time in fixative, and type of fixation can 
have an effect on immunostaining. The antibody should be 
optimized for the conditions within the individual labora- 
tory, and there should be a good system of quality control. 
Antibodies such as 34BE12 work well in formalin-fixed 
paraffin-embedded tissues. Antigen retrieval using protease 
digestion or heat-induced or microwave techniques is gener- 
ally employed. The stains can be done on stored intervening 
unstained sections or fresh sections cut from the block. Stains 
can also be carried out on destained H&E slides although the 
technique can be tricky and the staining reactions are usually 
not as strong as one sees with fresh sections.*'' Ideally there 
should be internal nonneoplastic (normal or hyperplastic) 


Figure 9-88 E p63 staining in adenocarcinoma case. Note 
absence of p63-positive basal cells in adenocarcinoma (upside) and 
internal control positivity in nonneoplastic glands on right. 
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glands for comparison. The benign glands should show 
strong basal cell staining, and it is very helpful when the 
nonneoplastic glands are close by the abnormal glands in 
question. 

Basal cells markers should be incorporated into an algo- 
rithmic approach to the diagnosis of adenocarcinoma. They 
always need to be assessed in conjunction with the H&E sec- 
tions and should not be ordered indiscriminately. Minimal 
adenocarcinoma can be diagnosed in needle biopsies with- 
out the use of immunostains””; however, in many practices, 
basal cell markers are used routinely in putative limited car- 
cinomas as a confirmatory measure. 

The absence of basal cells is a major criterion used to 
diagnose adenocarcinoma. Usually, this observation can 
be made using routine slides, but sometimes, the absence 
of basal cells must be confirmed. This is especially the case 
with tiny foci of putative carcinoma in needle biopsies speci- 
mens or when the abnormal glands are distorted. Periacinar 
stromal cells may simulate basal cells as can carcinoma 
cells when they are distorted, overlapping, or tangentially 
cut (Fig. 9-89). Basal cell markers will be negative in those 
situations. A negative basal cell stain on its own is not diag- 
nostic of carcinoma. This observation has to be linked with 
the other morphologic features as noted earlier. One should 
exert caution since there may be other technical factors that 
result in a negative stain. To quote Peter Humphrey, “absence 
of proof is not proof of absence” (personal communication). 
While most benign glandular patterns have a continuous or 
discontinuous pattern of basal cell staining, some small aci- 
nar lesions such as partial atrophy show a complete absence 
of basal cells despite having completely banal cytoarchi- 
tectural features. Additionally, lesions such as AAH, partial 
atrophy, and postatrophic hyperplasia may show mixtures 
of small acini with basal cells and others without them. 
Scattered negative acini have been found in 11% to 23% of 


Figure 9-89 E 34fE12 stain showing strong control posi- 
tivity in basal cells in nonneoplastic glands (right) and negative 
staining in the glands on left, which display nuclear overlapping, a 
feature that can simulate basal cells on H&E. 
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atrophic foci.*'*3'3 In an early study, looking at the utility of 
34BE12 staining in small foci of atypical glands, the stain 
established a diagnosis of carcinoma in 14% of cases and 
was confirmatory for carcinoma in 58% of cases, equivocal 
in 18%, and of no value in 8%. 

Basal cell staining is also useful in the differential diag- 
nosis of carcinoma and can be used to support a diagnosis 
of atrophy, postatrophic hyperplasia, AAH (adenosis), basal 
cell hyperplasia, and PIN.2%63'* Radiation effects can be 
problematic, and basal cell stains can help to identify resid- 
ual or recurrent carcinoma. Small atypical pseudoinfiltrative 
glands can be seen with radiation effects. Nuclear atypia and 
nucleolar prominence may be present. The presence of basal 
cell staining in these glands helps to confirm them as altered 
nonneoplastic acini. Furthermore, basal cell stains can be 
used in cribriform intraglandular lesions to separate cribri- 
form PIN from invasive cribriform carcinoma (see earlier 
discussion). 

There are rare reports of focal 34BE12 positive cells in 
prostatic adenocarcinoma.*'* Additionally, p63-positive ade- 
nocarcinomas have also been identified (Fig. 9-90).*'° In the 
latter cases, the neoplastic cells displaying varying degree of 
nuclear positivity. Despite these rare exceptions, basal cell 


Figure 9-90 E p63-positive prostatic adenocarci- 
noma. A. Note nests and poorly formed glands. B. Diffusely 
positive p63 nuclear staining. C. Strong racemase staining in 
atypical cells. 


markers are important adjunctive stains that are regularly 
useful to establish or confirm a malignant diagnosis. 

Over the last decade, AMACR (P504S), an enzyme 
involved in the B-oxidation of fatty acids, has emerged as 
an important immunomarker in prostate pathology. In con- 
trast to the basal cell markers where one is looking for a 
negative result, racemase is a “positive cancer stain.” Using 
high-throughput gene expression studies, the P504S gene 
was found to be overexpressed in prostatic adenocarcino- 
mas but not in benign prostate glands.*"’ The protein, identi- 
fied by immunohistochemistry, is overexpressed in 75% to 
95% of adenocarcinomas.*'*?! Racemase can be used as an 
individual stain or in cocktails. Cocktails of two antibod- 
ies (racemase and p63) using single- or dual-color detection 
systems or three antibodies (racemase, p63, 34BE12) with 
a dual-color detection kit may be employed.”**??5 These 
cocktails allow the detection of cytoplasmic racemase 
positivity and an absence of basal cells in the same glands 
(Fig. 9-91). Racemase staining is cytoplasmic, often with 
luminal membranous and submembranous enhancement 
(Fig. 9-92). In carcinomas, the staining is usually exten- 
sive with circumferential luminal border enhancement, and 
the intensity, while varying somewhat from case to case, 
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FiGuURE 9-91 E p63/racemase cocktail stains showing absence 
of basal cells and strong cytoplasmic racemase positivity (red 
marker). 


is usually relatively strong. Technical issues can result in 
variations in staining intensity, and it is important to opti- 
mize the stain and use the appropriate controls. Racemase 
is a reasonably sensitive marker (80% to 95%) for usual 
adenocarcinoma, but the sensitivity is lower in variant his- 
tology including pseudohyperplastic, atrophic, and foamy 
gland patterns (Fig. 9-93).°°3?” Racemase is not specific 
for adenocarcinoma and is often present in high-grade 
PIN.”°’ Racemase positivity may be seen in a wide variety 
of benign processes and mimickers of carcinoma includ- 
ing nonneoplastic benign glands, atrophy especially partial 
atrophy, and AAH.?3227.266.276.320.328-330 The staining is usually 
more focal, weaker, and less circumferential in these con- 
ditions than in carcinoma. Nephrogenica adenoma, which 
may affect the prostatic urethra and prostate proper, shows 
strong and diffuse racemase positivity (Fig. 9-94).331332 
This could result in the overdiagnosis of nephrogenic ade- 
noma (metaplasia) as small acinar carcinoma. Just like the 


t Tr ~ 
Figure 9-92 E Racemase stains showing luminal membra- 
nous and submembranous enhancement. 
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FiıGuRE 9-93 E Adenocarcinoma with weak to absent race- 
mase staining. 


basal cell markers, racemase must be utilized in the appro- 
priate histologic context. It is usually used to help establish 
a malignant diagnosis when one encounters a small focus 
of atypical glands. The presence of cytoplasmic racemase 
positivity and negative basal cell markers can support a 
malignant interpretation especially in the setting of limited 
adenocarcinoma.?®3:266333 

There are other diagnostically useful immunohistochemi- 
cal stains. Keratin stains such as cytokeratin AE1/AE3 and 
Cam5.2 can be useful in the diagnosis of high-grade carcinoma 
versus conditions such as inflammation with crush artifact, 
and nonspecific granulomatous and xanthomatous inflamma- 
tion. Hematolymphoid markers such as CD45 and CD68 may 
also help in these situations. Keratin stains may also be use- 
ful to highlight clandestine tumor cells in patients treated with 
radiation and hormones (Fig. 9-95).73334 

Prostate lineage-specific markers are useful in the diag- 
nosis and differential diagnosis of prostatic adenocarcinoma. 


TA ea SE 
Figure 9-94 E Nephrogenic adenoma showing strong cyto- 
plasmic racemase positivity. 
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Bese Ree ae TS oe Rs 
Figure 9-95 W Discreet individual neoplastic cells in a setting 
of hormonal therapy, highlighted by cytokeratin AE1/AE3 (inset). 


The older markers, PSA and PSAP, can be used to confirm 
the prostatic origin of an acinar lesion and rule out mim- 
ickers such as seminal vesicle/ejaculatory duct (Fig. 9-96), 
Cowper glands, nephrogenic adenoma, mesonephric gland 
hyperplasia, and paraganglion. 

The lineage markers are also useful in confirming the 
prostatic origin of a tumor when the differential diagnosis 
includes secondary involvement of the prostate by carci- 
noma or other tumors such as metastatic melanoma. 

PSMA initially showed promise as a diagnostic marker 
but now has been shown not to be prostate-specific.??5-337 
Two more recent promising lineage markers are prostein and 
NKX3.1, both of which have been shown to discriminate 
between prostatic and urothelial carcinomas.** 3” 

In regard to DNA flow cytometric, cytogenetic, or molec- 
ular genetic testing, there are currently no tests that are use- 
ful to establish a diagnosis of a prostatic adenocarcinoma 
or to discriminate between a possible focus of adenocarci- 
noma and the protean benign mimickers. There is an older 


Figure 9-96 E PSA stain showing negativity in glandular 
the seminal vesicle (left) and strong positivity in prostatic glands 
(right). 


literature related to DNA cytometry as a prognostic factor in 
prostate cancer.*** There is an evolving literature however on 
the potential importance of molecular testing for prognosis 
and prediction of response to certain therapies. Markers such 
as TMPRRS2 gene fusion products are showing some prom- 
ise in the prognostic arena. 


Differential Diagnosis 


The broad differential diagnosis of prostatic adenocarcinoma 
can be distilled into three major categories: (a) benign mim- 
ickers, (b) PIN, and (c) other malignancies, especially other 
carcinomas. There are few other (if any) epithelial tumors 
that have as many benign mimickers as prostatic adenocar- 
cinoma. This relates in part to the wide range of growth pat- 
terns of prostatic carcinoma and the fact that other histologic 
processes including atrophy, inflammation, and hyperplasia 
commonly affect the prostate gland. Furthermore, anatomic 
structures like the seminal vesicles, ejaculatory ducts, pros- 
tatic urethra, and periurethral (including Cowper) glands are 
adjacent to or integrated within the prostate and may be sam- 
pled during the course of prostatic biopsy or resection. The 
benign mimickers are shown in Table 9-9. Much has been 
written pertaining to mimickers and the differential diagno- 
sis of prostatic carcinoma.?037!9344-347 

The benign mimickers of adenocarcinoma can logically 
be discussed in relation to the diverse architectural patterns 
as outlined in the classical Gleason diagram. The drawing 
can be further simplified into four basic architectural pat- 
terns, namely, small gland, large gland, fused gland, and solid 


Table 9-9 m CLASSIFICATION OF BENIGN 


MIMICKERS OF ADENOCARCINOMA 


Histoanatomic structures Reactive atypia 
e Seminal vesicle/ejaculatory © Inflammatory 
duct e Ischemic 


e Cowper gland e Radiation 

e Paraganglion ‘ 

e Verumontanum mucosal Metaplasia 
e Mucinous 


glands (hyperplasia) 


e Mesonephric remnant gland e Nephrogenic adenoma 


(hyperplasia) Prostatic hyperplasia 
Atrophy i en cell Be | 
e Simple enign nodular hyperpla- 


sia, small gland pattern 


e Partial ee 

e Postatrophic j o 

e Sclerotic 5 : 

e Linear (streaming) e Sclerosing adenosis 
AAH (adenosis) 


Inflammation 

e Usual prostatitis with preser 
vation artifacts 

e Granulomatous prostatitis, 
nonspecific 

e Xanthogranulomatous prosta- 
titis (xanthoma) 

e Malakoplakia 


Reprinted from Srigley JR. Benign mimickers of prostatic adenocarci- 
noma. Mod Pathol, 2004;17:328-348, with permission. 
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PROSTATIC ADENOCARCINOMA 
(Histologic Grades) 


Figure 9-97 W Gleason diagram divided into four major 
architectural patterns. (Reprinted from Srigley JR. Benign mim- 
ickers of prostatic adenocarcinoma. Mod Pathol 2004;17:328-348, 
with permission.) 


(Fig. 9-97 and Table 9-10). This approach provides a concep- 
tual framework to discuss differential diagnosis. There are 
numerous benign processes and histologic patterns that may 
be confused with each of the major architectures of carci- 
noma (Table 9-11). The benign mimickers are individually 
discussed in detail in Chapter 12. In this section, general 
comments on differential diagnosis in relation to some com- 
mon mimickers will be made. 

The small acinar pattern of carcinoma has the greatest 
number of mimickers, the most common ones being atrophy 


Table 9-10 MAJOR GROWTH PATTERNS OF 
ADENOCARCINOMA 
Growth Gleason 
Pattern Patterns Descriptors 
| Small gland 1,2, 3A, 3B Tiny, small, medium, 
separate acini 
Il Large gland 3A,3C,5A Simple, papillary, 
cribriform, comedo 
Ill Fused gland 4A, 4B Coalescing acini, 
amphophilic or clear 
(hypernephroid) 
IV Solid 5B Sheets, cords, single cells 


Reprinted from Srigley JR. Benign mimickers of prostatic adenocarci- 
noma. Mod Pathol 2004;17:328-348, with permission. 
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Table 9-11 BENIGN MIMICKERS IN 


RELATIONTO MAJOR GROWTH PATTERNS OF 
PROSTATE ADENOCARCINOMA 


Small gland pattern Large gland pattern 
Seminal vesicle e Clear cell cribriform 
Cowper gland hyperplasia 


Atrophy 
Postatrophic hyperplasia 


e 

e 

° e Adenoid cystic-like basal 
e 

e Nephrogenic adenoma 

e 

e 

e 

e 


cell hyperplasia 

e Reactive atypia 
Basal cell hyperplasia 
Benign nodular hyperplasia 
Sclerosing adenosis 
Verumontanum mucosal 
gland hyperplasia 

e Mesonephric gland 
hyperplasia 

e AAH 


Fused gland pattern 

e Paraganglion 

e Xanthogranulomatous 
inflammation (xanthoma) 

e Malakoplakia 


Solid gland pattern 

e Idiopathic prostatitis with 
crush artifacts 

e Idiopathic granulomatous 
prostatitis 

e Signet ring-like change in 
lymphocytes and stromal 
cells 


Reprinted from Srigley JR. Benign mimickers of prostatic adenocarci- 
noma. Mod Pathol 2004;17:328-348, with permission. 


(complete and partial), postatrophic hyperplasia and adeno- 
sis (AAH), and seminal vesicle (Fig. 9-98).21977778344+47 The 
most common small acinar pattern (Gleason 3B) consists 
of infiltrating small glands invading between nonneoplas- 
tic glands or stroma indiscriminately. Complete and partial 
atrophy and postatrophic hyperplasia can have a pseudoin- 
vasive architecture, especially in needle biopsies where the 
organized, lobular appearance of the atrophy may not always 
be appreciated. The atrophic glands are small, dark, and 
shrunken, and the basal cell layer may not be identified. The 
atrophic glands can have irregular luminal contours espe- 
cially in cases of partial atrophy and postatrophic hyper- 
plasia. There may be admixed small dark acini and ones 
with more abundant clear cytoplasm, especially in partial 
atrophy. Mild nuclear atypia may be seen. Additionally, 
luminal features such as eosinophilic secretions, basophilic 
mucins, and crystalloids may occasionally be seen in atro- 
phy, although if all three of these features are present in 
the same focus, adenocarcinoma is the more likely diagno- 
sis. Some small acinar carcinomas are composed of small 
shrunken cells simulating atrophy.*>*”’ The atrophic pattern 
may be focal or rarely extensive. These “atrophic carcino- 
mas” can be a particular challenge in differential diagnosis 
(see later section). The key features to support a diagnosis 
of carcinoma include the degree of infiltration beyond what 
could be acceptable for atrophy and the presence of nuclear 
atypia. Basal cell markers will be completely negative in 
atrophic carcinoma, and often, racemase overexpression is 
noted, although some studies have suggested that atrophic 
carcinomas are less likely to express racemase than non- 
atrophic ones. It should be noted that in partial atrophy, 
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Figure 9-98 E Benign mimickers of prostate cancer with small gland pattern. Atrophy with pseudoinfiltrative growth (A and inset), 
partial atrophy (B), postatrophic hyperplasia (C and inset), atypical adenomatous hyperplasia (D), seminal vesicle epithelium (E), and 


verumontanum mucosal gland hyperplasia (F and inset). 


one may see an absence of basal cells and some racemase 
overexpression, although the staining pattern of the latter is 
usually more patchy and weaker and displays less luminal/ 
subluminal accentuation than carcinoma. 

Adenosis (AAH) consists of a completely or partially cir- 
cumscribed proliferation of small glands lined by cuboidal 
clear cells with bland nuclear features.?!?7!’?” Basal cells are 


present, but they may be difficult to appreciate on routine 
stains. This lesion can mimic small acinar carcinoma. Key 
points separating adenosis from carcinoma are the relative 
circumscription of the proliferating small glands and their 
relationship to larger parent glands along with the bland 
appearance of the acinar lining cells. Some examples of 
adenosis may show abnormal luminal contents (eosinophilic 
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secretions, mucin, crystalloids), but these are more com- 
monly present in carcinoma. Basal cell markers are useful in 
establishing a correct diagnosis. The acini in adenosis usu- 
ally have a discontinuous pattern of basal cells. Sometimes, 
individual acini may lack basal cells, but these are admixed 
with other acini displaying a complete or incomplete basal 
cell layer. It is important not to overinterpret a few small 
glands without basal cells as malignant ones. Racemase 
staining may be seen in 18% of examples of AAH although 
the staining pattern is usually weak and focal. 

Seminal vesicle, especially in needle biopsies, can be 
confused with small glandular carcinoma especially when 
this tissue is crushed or tangentially cut.?!? The seminal 
vesicle is composed of ducts with surrounding acinar tissue. 
The central often dilated glands of seminal vesicle may not 
be appreciated in small biopsy cores, and only the periph- 
eral acini are seen. Atypical epithelial lining cells are often 
noted. This pattern can be overdiagnosed as carcinoma. The 
low-power architecture, the spotty distribution of atypical 
epithelial cells, and the presence of prominent cytoplasmic 
lipochrome pigment point to a diagnosis of seminal vesicle. 
Immunohistochemistry can be helpful as well. Seminal ves- 
icle epithelium stains positively for PSA, and basal cells are 
identified with the appropriate markers. 
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Carcinomas can be composed of medium to large simple 
glands with an amphophilic or clear appearance. The tumor 
may exhibit a vaguely or on rare occasion, a distinct nodular 
appearance and may show cystic dilatation of glands. These 
patterns of carcinoma may simulate nodular hyperplasia, and 
hence, terms such as pseudohyperplastic and cystic carcinoma 
have been used (see later section).”°*? Pseudohyperplastic 
carcinoma is often difficult to diagnose in needle biopsies. The 
acini show less circumscription than typical nodular hyper- 
plasia, and sometimes, a subtle pattern of infiltration between 
nonneoplastic glands is present. Both hyperplasia and pseudo- 
hyperplastic carcinomas contain tall cuboidal to columnar cells 
often with abundant clear cytoplasm, but nodular hyperplasia 
displays a basal cell layer. The nuclei of hyperplasia are bland, 
while those of carcinoma show nuclear atypia with prominent 
nucleoli. Abnormal luminal products are often present in the 
pseudohyperplastic carcinoma, and it may be the secretion that 
draws one’s eyes to the glands in question. Basal cell markers 
and racemase may assist in arriving at the correct diagnosis. 
Large glands with a cribriform morphology are typical of 
clear cell cribriform hyperplasia and in some forms of basal 
cell hyperplasia, especially those with an adenoid cystic-like 
morphology (Fig. 9-99). Both of these patterns of hyper- 
plasia have a nodular low-power morphology, and they are 
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Figure 9-99 E Benign mimickers of prostate cancer with 
large gland pattern. Clear cell cribriform hyperplasia (A), adenoid 
cystic-like basal cell hyperplasia (B), and reactive atypia in the set- 
ting of ischemia (C). 
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usually associated with some degree of stromal hyperplasia 
as well. In clear cell cribriform hyperplasia, the architecture 
and cytology are very uniform. Basal cell hyperplasia with 
cribriform morphology may show some degree of nuclear 
atypia, but the usual high-grade nuclear changes seen in 
cribriform carcinoma are not present. The latter tumors usu- 
ally have medium to large amphophilic glands and show 
significant architectural and cytologic irregularity. Large 
glands with reactive features associated with inflammation 
or ischemia may also simulate malignancy. The glands may 
be somewhat distorted and cytologically atypical, but they 
do not show true infiltration, and the associated benign pro- 
cess (if recognized) points to a correct diagnosis. 

Some benign mimickers may be mistaken for the fused 
glandular pattern of carcinoma (Fig. 9-100).7!° For instance, 
a paraganglion is composed of very tightly packed cell clus- 
ters, often with an amphophilic color. On cursory inspection, 
this structure may be interpreted as a focus of fused carci- 
noma. Careful inspection of paraganglia, however, shows 
that the cell clusters are separated by a very delicate network 
of capillaries. The cells of paraganglia are bland and show 
no nuclear atypia. On occasion, there may be some admixed 
ganglion cells, and these can have a large central nucleolus 
and may be mistaken for carcinoma cells. Often, there are 
associated nerves, which help to establish the correct diag- 
nosis. The erroneous interpretation of paraganglionic tis- 
sue not only can lead to a false-positive diagnosis but can 
also result in grading and staging errors. For instance, when 
there is a carcinoma composed of separate acini (Gleason 3) 
and a paraganglion is interpreted as Gleason 4, the tumor 
would be erroneously graded as Gleason score 7 (primary 3, 
secondary 4). Furthermore, if a tumor was otherwise organ 
confined except for a periprostatic paraganglion incorrectly 
interpreted as carcinoma, then the tumor would be incor- 
rectly staged as pT3a rather than pT2. 


immunostaining (inset) (B). 


Xanthogranulomatous inflammation (prostatic xanthoma) 
and malakoplakia rarely affect the prostate gland, and both of 
these lesions may, at least on low power, resemble Gleason 
pattern 4B (hypernephroid) carcinoma. This pattern may, on 
occasion, display rather bland nuclear features, which adds 
to the challenge. Both forms of granulomatous inflammation 
and 4B carcinoma can have an irregular growth pattern, but 
the carcinoma shows more destructive features and generally 
shows at least focal atypia. The xanthoma cells have very tiny 
dark nuclei with no appreciable atypia. The von Hansemann 
histiocytes of malakoplakia will often be mixed with other 
inflammatory cells including neutrophils, lymphocytes, and 
plasma. Furthermore, the telltale Michaelis-Gutmann bodies 
are generally found on closer inspection. In some difficult 
cases, immunohistochemistry for epithelial and macrophage 
markers will resolve the differential diagnosis. 

Other inflammatory processes such as usual idiopathic 
granulomatous prostatitis or nonspecific prostatitis with crush 
artifacts may resemble solid high-grade (Gleason 5) adenocar- 
cinoma (Fig. 9-101). Likewise, stromal cells and lymphocytes 
may undergo degenerative changes and have signet ring—like 
appearance, thus simulating a Gleason 5 carcinoma com- 
posed of dissociated single cells with an infiltrative appear- 
ance. Usually, the above changes are recognized as benign 
and inflammatory, but in some cases, inmunohistochemistry 
for keratins, prostatic epithelial markers, and lymphohistio- 
cytic markers is necessary to make a correct diagnosis. 

The distinction between adenocarcinoma and HGPIN 
including topics such as atypical acini immediately adjacent 
to HGPIN (PIN-ATYP or PIN-ASAP) and PIN-like patterns 
of adenocarcinoma has been discussed in the earlier section 
on precursor lesions.!4+!7! 

There are other malignancies that occasionally enter the 
differential diagnosis of prostatic carcinoma. The prostate 
gland may be invaded by urothelial carcinoma of the bladder 
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Figure 9-101 E Benign mimickers of prostate cancer with solid patterns. Usual prostatitis with crush artifacts and (A) idiopathic 


granulomatous prostatitis (B). 


or urethra or, on rare occasion, may be primarily involved 
by urothelial carcinoma (see Chapter 10). Such tumors 
may be mistaken for high-grade prostatic adenocarcinoma. 
Glandular differentiation in the urothelial carcinoma can 
add further confusion to this picture. While both high-grade 
urothelial carcinoma and solid prostate carcinoma can have 
sheet-like diffuse growth patterns, the urothelial carcinomas 
tend to be composed of cells with more polygonal shapes 
compared to the rounded shapes of prostatic carcinoma. 
Urothelial carcinomas also show a greater degree of nuclear 
pleomorphism and less regularly prominent nucleoli than 
high-grade prostate carcinoma. Sometimes, urothelial car- 
cinoma in situ is present in prostatic ducts and acini, and 
this is a helpful feature supporting a diagnosis of urothelial 
carcinoma. In some cases, the two tumors can have an iden- 
tical appearance on routine staining, and in those situations, 
marker studies are required to arrive at a correct diagnosis. 
Prostatic epithelial markers (PSA, PAP, prostein, NK X3.1) 
and urothelial markers (34BE12, CK7, uroplakin, GATA3) 
are included in a panel to resolve this differential diagnosis. 
It is important to get the correct diagnosis since urothelial 
carcinoma and prostatic carcinoma have completely differ- 
ent therapeutic approaches. 

Colorectal adenocarcinoma can involve the prostate gland 
directly or by metastasis. The resultant pattern can resemble 
the large glandular (ductal) pattern of prostatic carcinoma. 
The elongated cigar-shaped nuclei and “dirty” necrosis favor 
a diagnosis of colonic carcinoma. A marker panel including 
prostatic epithelial markers and lower gastrointestinal tract 
markers (CK20, CDX2) may be used on difficult cases. On 
very rare occasions, one can have a primary urothelial-type 
adenocarcinoma involving the prostate gland.***3 These 
tumors can resemble secondary colonic carcinoma, and it is 
important to rule out the latter by radiologic and endoscopic 
means. 

Metastatic involvement of the prostate by signet-ring 
carcinoma can simulate primary signet-ring carcinoma of 


the prostate. Clinical information can support the former. 
Metastatic signet-ring carcinoma of the prostate may origi- 
nate in the stomach, elsewhere in the gastrointestinal tract, 
or in the bladder. When seen in the prostate, it does not 
usually have accompanying typical patterns of prostatic 
carcinoma that may be found in association with the primary 
signet-ring carcinomas of the prostate.*4!° Furthermore, 
the vacuoles in metastatic signet-ring carcinoma are mucin 
positive, while those in signet-ring prostate carcinoma are 
usually mucin negative. Immunohistochemistry can be used 
to resolve difficult cases. Secondary renal carcinoma, espe- 
cially clear cell carcinoma, can be confused with the hyper- 
nephroid pattern of prostatic carcinoma (Gleason 4B). Both 
can have sheet-like growth patterns, and both may show rela- 
tively bland nuclear features. In metastases, one can often 
identify lymphovascular space involvement, a finding that is 
uncommon in primary prostate carcinoma. Clinical history 
and immunohistochemical markers will generally resolve 
the differential diagnosis. 

In addition to carcinomas, other tumors such as meta- 
static melanoma and large cell lymphoma may rarely affect 
the prostate gland and enter the differential diagnosis of a 
high-grade solid carcinoma. Usually, these tumors bear only 
a superficial resemblance to carcinoma, and one should have 
a high index of suspicion in such cases. Careful routine 
microscopy coupled with knowledge of the clinical history 
and an appropriate panel of immunohistochemical markers 
will lead to the right diagnosis. 


Diagnosis of Minimal Adenocarcinoma and 
Atypical Small Acinar Proliferation (Glandular 
Atypia) 


The diagnosis of a minute focus of adenocarcinoma is often 
a challenge, especially when it represents the only evidence 
of malignancy.?”"”* Minimal or limited adenocarcinoma 
can be defined as a solitary tumor focus measuring <1 mm 
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in length and/or <5% of the length of the core. In the authors’ 
experience, minimal cancers account for 10% to 15% of 
newly diagnosed adenocarcinomas in the era of extended 
biopsy samples (10 to 14 cores). 

Small atypical glandular foci should be approached in a 
logical, algorithmic fashion. The importance of technically 
excellent histology cannot be overemphasized, especially 
when dealing with thin-core needle biopsies. Careful and 
consistent fixation, embedding, microtomy, and staining 
are required to produce the high-quality slides necessary to 
establish a definitive diagnosis when there is only a small 
abnormal focus. It is especially important to be conserva- 
tive in microtomy and not to cut excessively deep sections, 
thereby trimming through a small area of concern. Many 
histology laboratories save intervening unstained sections 
between the usual H&E-stained levels so that immunohisto- 
chemistry can be performed if required. 

Careful, systematic screening of the sections using low- 
power microscopy will generally identify the focus of con- 
cern. The major and minor diagnostic criteria, as described 
above, are used to establish a diagnosis of minimal carci- 
noma, and in many cases, immunohistochemistry is also car- 
ried out. In most instances, this approach will allow one to 
make a confident diagnosis of adenocarcinoma. In the great 
majority of cases, the abnormal lesion consists of single 
separate acini (Gleason pattern 3); however, in about 10% 
of cases, the atypical focus consists of higher-grade patterns 
including poorly formed, fused, and cribriform glands or 
solid, cord-like, and single cell morphologies. Before mak- 
ing a definitive diagnosis of adenocarcinoma, it is important 
to remember the diverse benign mimickers and other neo- 
plastic conditions that may simulate adenocarcinoma (see 
above section) and to make sure that the lesion of concern 
does not represent one of those conditions. 

The issue of quantity of abnormality often arises, espe- 
cially when assessing a tiny focus of atypical single sepa- 
rate glands. Most minimal carcinomas consist of 10 to 20 
abnormal glands. Is there a minimum number of atypical 
acini required to make a diagnosis of adenocarcinoma? 
This question is difficult to address and should dealt with 
on a case-by-case basis. In some instances, especially if 
there is obvious cancer in other cores, a diagnosis of micro- 
focal carcinoma can be made on the basis of a single atypi- 
cal acinus. However, if an initial diagnosis of carcinoma 
is being made, one may want to be more conservative. 
Notwithstanding a few very rare situations, most urologic 
pathologists like to see two or more atypical acini prefer- 
ably with supportive marker studies, to establish a diagno- 
sis of carcinoma. 

In situations where one cannot confidently diagnose an 
atypical focus as carcinoma, the term ASAP or glandu- 
lar atypia may be used, !44:154,161,163,165,168, 169,621,622 In primary 
biopsy practices, ASAP accounts for 1% to 5% of cases. "4416! 
Rates higher than 5% suggest that minimal carcinomas are 
likely being underdiagnosed. In the authors’ experience, the 
ASAP rate is about 2% or one in fifty cases.!™4 


It is important to understand that ASAP is not a spe- 
cific diagnosis; it is a term indicating to the urologist or 
oncologist uncertainty regarding a diagnosis of carcinoma. 
The term is used because an abnormality is very limited in 
amount and/or a confounding factor such as crush artifact or 
obscuring inflammation is present. In most instances, ASAP 
represents undersampled carcinoma, but in some cases, it 
represents a benign mimicker that is not clearly diagnostic 
(Figs. 9-102 to 9-104). ASAP is not a term that should be 
used loosely for any “atypical” lesion. It should be reserved 
for reasonably worked-up cases where there are insufficient 
criteria to confidently diagnose either carcinoma or a specific 
mimicker such as partial atrophy. Undoubtedly, one patholo- 
gist’s ASAP is another pathologist’s minimal carcinoma, as 
evidenced by the range of prevalence rates. In the experience 
of the authors, many consultation cases with diagnoses of 
ASAP are converted to limited carcinomas or benign mim- 
ickers, especially partial atrophy or adenosis. 

What is a reasonable workup in a case of putative ASAP? 
Additional “gentle” block levels are sometimes useful in 
clarifying the morphology. Marker studies carried out on 
additional sections or saved intervening sections often help 
one make a definitive diagnosis. Basal cell markers and 
racemase stains are very useful in establishing a definitive 
diagnosis. Consultation with a colleague, especially one with 
expertise in urologic pathology, or obtaining a formal exter- 
nal consultation can be useful. 

Patients with a diagnosis of ASAP are often rebiopsied in 
3 to 12 months. Follow-up biopsies show adenocarcinoma in 
35% to 60% of cases. When ASAP is accompanied by multi- 
focal high-grade PIN, the likelihood of detecting carcinoma 
is even higher.!54!6°-171.622.623 Some authors have subdivided 
ASAP into cases that are suspicious for malignancy and those 
of uncertain significance, but this subclassification does not 
appear to have any prognostic significance. If the specific 
location of the ASAP is known, it is useful to suggest that 
the subsequent biopsies be directed at the site of abnormality 
and that additional cores be taken from the involved site and 
the immediately adjacent ones. Patients who have negative 
second biopsies can generally be followed with clinical exam 
and serum PSA, and a decision regarding further biopsies 
can be based on changes in those parameters. Some patients 
with ASAP and high PSA may be pursued more aggressively 
with techniques such as saturation biopsies. Radical treat- 
ment procedures should not be performed on the basis of an 
ASAP diagnosis. Such therapies should only be entertained 
when there is an established malignant diagnosis. 


Intraductal Carcinoma of the Prostate 
Background 


Intraepithelial spread of prostatic carcinoma within preex- 
isting nonneoplastic ducts or acini is known as IDC.*°°*°? 
This phenomenon is characterized by preservation of basal 
cells and is now widely regarded as tumor progression suc- 
cedent to prostate cancer invasion. The alternate hypothesis 
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of IDC as carcinomatous evolution from HGPIN preceding 
invasion is less accepted, since IDC is more often seen in 
higher-grade and higher-stage cancers.’ Diagnosis of IDC 
in routine practice has so far been limited by its problematic 
distinction from HGPIN and its almost invariable coexis- 
tence with high-grade invasive cancers where IDC is likely 
to be discounted. IDC as an isolated finding is rare, and its 
clinical implication is still currently under discussion. 

The first description of IDC is credited to Kovi et al.’ 
in 1985, wherein they reported 48% of 123 prostate glands 
with cancer to contain IDC. IDC patterns were likely to 
have been accounted previously as Gleason pattern 4 or 5 
invasive cancers. Identification and subsequent characteriza- 
tion of IDC have been greatly facilitated with the advent of 
immunostaining for basal cells.**4 And for a while, IDC was 
mired with controversy because of its overlap with the puta- 
tive cancer precursor lesion HGPIN (or intraductal dyspla- 
sia), both distinguished from invasive cancer by retention of 
basal cells. In fact, initial studies have lumped HGPIN and 
IDC together, particularly in those that exhibit cribriform 
architectures.*°>*°’ As detailed below, IDC and HGPIN have 
differing molecular biology and associated pathologic vari- 
ables. IDC was initially distinguished from HGPIN by the 
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Figure 9-102 E A-C: Atypical small acinar proliferation. 
A,B: Some small atypical glands show nucleomegaly and prominent 
nucleoli. C: Despite AMACR overexpression, some glands exhibit 
basal cell marker staining. 


presence of intraluminal encroachment of tumor mass.*°4358 
More contemporary criteria for morphologic diagnosis of 
IDC,**°3 mainly to differentiate from HGPIN, and under- 
standing its adverse pathologic variables and poorer behav- 
Jor7>:356398.359.361-363 have led to better recognition of this entity. 


Incidence 


IDC is often encountered admixed with invasive cancer and 
is reported in 18% of RP with cancers.**! The incidence 
of IDC is higher in RP with higher-stage (pT3) cancers at 
43% 3° Only three cases of IDC without concurrent invasive 
cancer on RP have been described, including one that spread 
outside of the prostate via the ejaculatory ducts.363364 

Early studies preceding the PSA era identified IDC in 
20% of needle biopsies with cancers.’ More contemporary 
studies reported an overall incidence of 2.8% for IDC in 
needle biopsies.*° IDC as an isolated finding is even rarer, 
reported in only 0.26% of needle biopsies.*° 


Clinical Significance 


Distinction of IDC from HGPIN is critical because of the 
adverse pathologic variables associated with IDC. Studies 
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Figure 9-103 E A-C: ASAP, favor benign. A,B: Small 
crowded glands, luminal undulations, and pale cytoplasm (resem- 
bling partial atrophy). C: The atypical glands lack basal cell marker 
staining. 


had shown a strong association between IDC and high 
Gleason score, large tumor volume, advanced tumor stage, 
positive surgical margin, extensive PNI, and treatment fail- 
ure.?55356358361.362 Multivariate analysis confirms IDC as an 
independent prognostic indicator in prostate cancer over 
preoperative serum PSA, Gleason score, tumor volume and 
stage.*°°!36 These findings warrant that IDC should be 
lumped clinically with invasive cancers. 

Interestingly, in neoplasia with cribriform patterns, IDC 
was shown to have higher risk for PSA failure than cribri- 
form cancer.’ This suggests that IDC may represent a more 
advanced tumor progression than cribriform cancer without 
ductal/acinar spread. Further, although IDC is associated 
with larger tumor volume, serum PSA is lower compared to 
cancers without ductal/acinar spread.*°! 

Only a few studies have examined IDC as an isolated 
finding in needle biopsy.**°* Isolated IDC in needle biopsy 
treated with definitive therapy after diagnosis resulted in 
12% disease progression, 6% metastasis, and additional 6% 
with PSA failure after follow-up.*° Corresponding RP of 
needle biopsies with isolated IDC showed higher-stage can- 
cers including 38% with EPE and 14% with seminal vesicle 
extension. 


There is controversy regarding the management of IDC 
encountered in NCB without invasive cancer. Some advo- 
cate definitive management including resection, hormonal 
therapy, or radiation therapy (RT) immediately following 
diagnosis of IDC even without invasive cancer,*°3?° while 
some suggest immediate repeat biopsy be performed, 
which very likely will result to detection and definitive diag- 
nosis of invasive cancer. This latter approach may prevent 
the serious consequence of overtreating a misdiagnosed 
HGPIN as IDC. 


Morphology 


The criteria for histologic diagnosis of IDC proposed by 
Cohen et al.*® are presented in Table 9-12. The first four 
major criteria are always present, and the minor criteria are 
helpful in making the diagnosis.**° A more simplified diag- 
nostic approach to IDC proposed by Guo and Epstein*” is 
by identifying large acini and ducts containing basal cells 
filled with malignant epithelial cells that show solid or dense 
cribriform patterns. If the luminal pattern is loose cribriform 
or micropapillary, marked nuclear atypia (26x) or nonfocal 
comedonecrosis is required.** These criteria are essentially 
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for distinction of IDC from HGPIN, and the high threshold 
is meant to avoid overdiagnosis of HGPIN as IDC. 

IDC is often encountered associated with invasive 
prostate cancer (Fig. 9-105). Glands of IDC are larger, 
are expansile, may be irregularly shaped, and may exhibit 
extension or gland branching (Fig. 9-106). The architecture 
of IDC is most commonly cribriform, that is, either dense 
(small holes, 70%) or loose (large holes, 63%), and can be 
solid (44%) or micropapillary (19%) (Fig. 9-107). There 
can be overlap in patterns of HGPIN and IDC, but when 


Table 9-12 

Major Criteria 

Large glands (>2x normal), presence of basal cells 
(confirmed by immunohistochemistry), cytologically 
malignant cells with frequent mitosis, cells spanning 
gland lumen, comedonecrosis 

Minor Criteria 


Right-angle gland branching, round smooth gland contour, 
frequently two population of cells 


CRITERIA FOR DIAGNOSIS OF IDC 


Reprinted from Cohen RJ, et al. A proposal on the identification, his- 
tologic reporting, and implications of intraductal prostatic carcinoma. 
Arch Pathol Lab Med 2007;131:1103-1109, with permission. 
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Figure 9-104 E ASAP highly suspicious for carcinoma. A 
single small gland with nucleomegaly, prominent nucleoli, luminal 
mucin (A,B), AMACR overexpression, and absent basal cell marker 
staining is likely undersampled carcinoma (C). 


the nuclear atypia far exceeds HGPIN, the lesion is consid- 
ered IDC (Fig. 9-108). Luminal necrosis may occur in IDC 
(Fig. 9-109). The presence of basal cells is sine qua non to 
the diagnosis of IDC. Using the proposed criteria, diagnoses 
of IDC can be made readily when surrounding basal cells 
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Fic ed 
nuclear atypia. 


Figure 9-107 E Different patterns of IDC. Cribriform (A), 
solid (B), and micropapillary (C). 
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are obvious on H&E, but this is not always the case. Prior 
to the advent of immunostaining, IDC with less discernible 
basal cells may easily be called as Gleason pattern 3 or 4 
(i.e., cribriform) or 5 (i.e., solid or comedonecrosis) cancers. 
Basal cell marker immunostains (e.g., p63, HMWK) in IDC 
may show complete or partial basal cells, both acceptable 
in the diagnosis. Similar to cancer and HGPIN, racemase is 
overexpressed in IDC (Fig. 9-110). 

IDC is a rare finding in needle biopsy (Fig. 9-111). 
Isolated large glands with cribriform architecture in needle 
biopsy may have problematic features borderline between 
IDC and HGPIN. An alternative diagnostic term of atypi- 
cal cribriform lesion has been proposed for this lesion and 
should warrant a repeat biopsy.“ Ductal adenocarci- 
noma occasionally contains basal cells and is distinguished 
from cribriform or micropapillary IDC by its tall colum- 
nar and pseudostratified cells. Intraductal spread of poorly 


Figure 9-110 E Immunostain cocktail for HMWK, p63, 
and AMACR in IDC shows an intact basal cell layer (brown) and 
increased expression of AMACR (red). 
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Figure 9-111 E IDC with central necrosis in needle biopsy. 


differentiated urothelial carcinoma may mimic solid IDC. 
Urothelial carcinoma expresses p63 and HMWK, which are 
expressed in basal cells of IDC. Benign differential diagno- 
ses of IDC such as cribriform hyperplasia and central zone 
glands do not exhibit the high-grade cytology of IDC. 

At this juncture, the concept of intraductal or acinar 
spread of cancer is still evolving, and several issues in IDC 
remain unresolved. It is unclear if IDC should be diagnosed 
separately in RP with Gleason 4 or 5 cancers that would war- 
rant basal cell immunostaining. Whether to retain Gleason 
grading of IDC based on its intraluminal patterns similar 
to invasive cancers is not settled. Further, it is unclear if 
unusual forms such as partial ducts/acini involvement, 
simpler spread (e.g., flat or tufted), or low-grade cytology 
occur in IDC. Although these are theoretically possible, the 
answers may remain elusive until separation between spread 
and de novo evolution of cancer within ducts/acini can be 
made with certainty. 


Molecular Features 


Certain molecular features distinguish IDC from HGPIN and 
invasive cancers.*°*37! LOH studies showed 60% allelic loss in 
IDC compared to only 9% in HGPIN.* Multiple allelic losses 
are usual in IDC than in HGPIN.™ By CGH, most IDC has 
chromosomal imbalance, mainly losses, which in one study 
was absent in HGPIN.® LOH of 7P53 is present in 60% of 
IDC and in only 30% of HGPIN, and LOH of RB/ is present in 
81% of IDC and 53% of HGPIN3® PTEN is down-regulated 
in IDC, and 84% shows loss of cytoplasmic PTEN expression, 
which is not observed in HGPIN.*°3” Immunohistochemical 
detection of PTEN can be useful to distinguishing IDC from 
HGPIN,*” although this needs to be validated. 

The main genomic difference between IDC and HGPIN 
is in the occurrence of TMPRSS2:ERG fusion. Most IDC 
(75%) shows ERG rearrangement which is detected in only 
approximately 20% of HGPIN and shown to be absent in 
isolated HGPIN.*”! 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


610 Urological Pathology 


Interestingly, LOH studies showed higher allelic loss and 
LOH of TP53 and RB1 in IDC than invasive cancers.*°3® 
This further supports the idea that IDC represents a more 
advanced form of tumor progression than invasive cancer. 


SPECIAL VARIANTS AND VARIATIONS OF 


ADENOCARCINOMA 


Ductal Adenocarcinoma 
Introduction 


Ductal adenocarcinoma is a carcinoma of prostatic epithe- 
lial cell origin characterized by large glandular and papillary 
growths that (by definition) are lined by tall columnar cells that 
often exhibit nuclear pseudostratification or palisading?” **! 
This tumor was previously referred to as endometrioid 
adenocarcinoma of the prostate because of its morphologic 
resemblance to female endometrioid carcinoma.?7*+376-378.382 
Initially, ductal adenocarcinoma was thought to arise from 
the miillerian-derived prostatic utricle, and some tumors do 
occur at the central aspect of the prostate encompassing the 
area of utricle.*”°3* It is now widely accepted that ductal 
adenocarcinoma is of prostatic acinar cell origin supported 
by its overlap in zonal derivation (some arises also in the 
peripheral zone), spatial relationship (commonly mixed), 
similar immunohistochemical profile, and molecular concor- 
dance with acinar adenocarcinoma.?74375378-380.383-385 Ductal 
adenocarcinoma may occur either as a pure ductal tumor or 
more commonly in combination with acinar adenocarcinoma, 
reported in 47% to 80% of cases.3737437537838! Diagnosis as 
ductal adenocarcinoma requires a predominant (>80%) or 
pure histology of the entire tumor when appreciated in TUR 
or RP specimens. Thus, definitive diagnosis in needle biopsy 
is not tenable and diagnosis of “adenocarcinoma with ductal 
features” is recommended. 


Epidemiology 


Ductal adenocarcinoma is rare, yet it is considered to be the 
most common histologic variant of prostatic adenocarci- 
noma. “Pure” ductal adenocarcinoma accounts for 0.2% to 
1.3% of all prostate cancers.7”°"43”” Mixed ductal and acinar 
adenocarcinoma is more common and is reported in 1.7% 
to 5% of prostate cancers.’ More contemporary stud- 
ies show presence of ductal component in 0.5% to 12.7% 
of prostate cancers.**°3*’ The patients’ mean age is 60 to 72 
years with range of 41 to 89 years or of similar age group to 
acinar adenocarcinoma.*”3"4375377 381387 Interestingly, SEER 
data show that ductal adenocarcinoma is more common than 
acinar adenocarcinoma in patients above 70 years old in the 
United States.*88 


Molecular Biology 


It is unclear if there are significant differences in 
TMPRSS2:ERG gene rearrangement between ductal and 


acinar adenocarcinoma. One study identified TMPRSS2:ERG 
fusion less frequently in pure ductal adenocarcinoma (11%) 
and mixed ductal and acinar adenocarcinoma (5%) com- 
pared to pure acinar adenocarcinoma (45%). When pres- 
ent in ductal adenocarcinoma, 75% of TMPRSS2:ERG 
fusions occur through deletion.**? Another concurrent study 
however identified TMPRSS2:ERG fusion in ductal adeno- 
carcinoma at about the same frequency (50%) as acinar 
adenocarcinoma.’ Ductal and acinar adenocarcinomas 
have similer DNA ploidy abnormalities.’ Interestingly, 
analysis from whole sections of ductal and acinar adenocar- 
cinomas identified only 25 gene transcripts whose expres- 
sion was significantly different, showing striking similarities 
between these two tumors at the level of gene expression.** 
One differentially expressed transcript is prolactin receptor, 
which was expressed in 5- to 27-fold more in ductal ade- 
nocarcinoma.**? SPINK1, which is overexpressed in about 
11% of ETS fusion-negative prostate carcinomas and sug- 
gested to be an unfavorable clinical parameter, was shown 
to be overexpressed in 22% of ETS fusion-negative ductal 
adenocarcinomas.** 


Clinical Features 


Ductal adenocarcinoma arises in the central and periph- 
eral aspects of the prostate and may manifest accordingly 
in two clinical forms. Centrally located tumors involve the 
periurethral area and transition zone and can be encountered 
in TUR specimens. The tumor may also occasionally pro- 
trude into the urethra as a cystoscopically visible polypoid 
mass. Peripheral tumors primarily involve the peripheral 
zone but may also extend into the transition zone. Central or 
periurethral tumors may present with obstructive symptoms 
and hematuria, whereas peripherally located tumors may be 
detected on abnormal DRE and elevated serum PSA levels. 
A majority of patients with ductal adenocarcinoma have ele- 
vated serum PSA but are 2.4 times more likely to have PSA 
< 4 ng/mL compared to acinar adenocarcinoma.’ 

Ductal adenocarcinoma is suggested to have a more 
aggressive clinical behavior than acinar adenocarci- 
noma.776377381.386-388390 More patients with ductal adeno- 
carcinoma present with higher-stage disease. A ductal 
adenocarcinoma component on biopsy, particularly if com- 
prising >10% of the tumor, is significantly associated with 
EPE and seminal vesicle invasion (SVI) on subsequent pros- 
tatectomy.**°3*’ EPE and seminal vesicle involvement are 
encountered in 64% and 12% of prostatectomy specimens, 
respectively.**° Also, the presence of ductal morphology in 
biopsies indicates a shortened progression time compared to 
Gleason 7 or less acinar adenocarcinoma.** In a report of 
371 ductal adenocarcinomas, a higher rate of distant metas- 
tasis was encountered in ductal (12%) than acinar (4%) ade- 
nocarcinoma.*** Data from SEER show that men with ductal 
adenocarcinoma had similar rates of death to men with 
Gleason 4 + 4 acinar adenocarcinoma.*” The overall 5-year 
survival rate of ductal adenocarcinoma in older series was 
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only 15% to 24%.7”3" Metastasis is encountered in 12% to 
50% of ductal adenocarcinoma, mostly to the lymph nodes, 
bone, and lungs.3””"3”*! Control of localized ductal adeno- 
carcinoma with prostatectomy with radiotherapy and endo- 
crine therapy yields disease-free survival, similar to acinar 
adenocarcinoma.**!3*? Ductal adenocarcinoma appears to be 
sensitive to hormonal manipulation.*”*°” 


Pathology 


Macroscopically, centrally located tumors can have exo- 
phytic friable fronds protruding into the urethral lumen 
around the prostatic utricle or verumontanum. Peripherally 
located tumors are most often situated posteriorly and can be 
appreciated as firm gray white parenchymal masses similar 
to acinar adenocarcinoma. These tumors are often grossly 
visible because of the higher stage of presentation. 
Histologically, the main architectures of ductal adeno- 
carcinomas are papillary, cribriform, individual glands, or 
solid growth patterns (Fig. 9-112). Combination of differ- 
ent patterns is common, often with papillary and cribriform 
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patterns. Papillary and cribriform patterns are seen in 65% 
and 59% of peripherally situated ductal adenocarcinoma, 
respectively.**° The neoplastic cells are distinctively tall 
columnar that can be in a single or pseudostratified cell 
layer (Fig. 9-113). The cytoplasm is usually amphophilic but 
can be pale or clear. The nucleus of ductal adenocarcinoma 
cells appears “higher-grade” compared to acinar adeno- 
carcinoma (Fig. 9-114). The nucleus is typically elongated 
and usually has a prominent nucleolus. There is a greater 
degree of chromatin irregularities in ductal adenocarcinoma. 
Mitotic figures can be occasional or frequent. The tumor 
may also grow intraluminally into preexisting ducts retain- 
ing a “native” basal cell layer. An invasive component must 
be present to make the diagnosis of ductal adenocarcinoma. 
Negative staining for basal cell markers (e.g., HMWK, p63) 
immunohistochemistry is a must in the invasive component. 
The glands can also be very large, expansile, and crowded 
back-to-back. Evidence of invasiveness can be obvious such 
as background stromal fibrosis or PNI. About half of duc- 
tal adenocarcinomas are admixed with acinar adenocartci- 
noma (Fig. 9-115). Concomitant acinar adenocarcinomas are 
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Figure 9-113 E Ductal adenocarcinoma is characterized 
by tall columnar cells with elongated nuclei that often exhibit 
pseudostratification. 


usually Gleason pattern 3.*' Other rarer patterns have been 
described such as ductal adenocarcinoma with mucinous 
change, goblet cell, foamy gland, Paneth cell-like, micropap- 
illary, and cystic change.*°*" A subset of ductal adenocarci- 
nomas may present as urethral polyps that can be adequately 
treated with TUR alone (Fig. 9-116).39°° 

Ductal adenocarcinoma expresses PSA and PSAP3%4378379 
AMACR is overexpressed in 77% of tumors (Fig. 9-117). The 
majority of ductal adenocarcinomas lack basal cell layers and 
this can be confirmed by negative staining for basal cell mark- 
ers.>**397 By immunostaining, 31% of ductal adenocarcinomas 
have detectable basal cells by p63 or HMWK that are usually 
patchy or discontinuous in distribution.’ This component is 
regarded as an intraductal growth of ductal adenocarcinoma. 

According to the International Society of Urological 
Pathology (ISUP) consensus, ductal adenocarcinoma should 
be graded as Gleason pattern 4 or Gleason score 4 + 4 = 8 if 
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Figure 9-114 E The nuclei of ductal adenocarcinoma are 
typically “higher grade” compared to acinar adenocarcinoma. 
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and acinar adenocarcinoma (bottom and right). Ductal adenocar- 
cinoma is distinguished by the tall columnar cells and papillae. 


the tumor is pure.”'* If luminal necrosis is present, then the 
focus should be designated as Gleason grade 5 (Fig. 9-118). 
In cases of mixed histology, the ductal adenocarcinoma 
component is to be assigned Gleason grade 4 and the acinar 
adenocarcinoma component graded according to its archi- 
tecture, and the proportion of each component should be 
documented. Because of the common admixture with acinar 
adenocarcinoma, the diagnosis of ductal adenocarcinoma in 
needle biopsy is not possible (Fig. 9-119). 


Differential Diagnosis 


Distinction between ductal adenocarcinoma and HGPIN 
can be very difficult in limited samples. The micropapillary, 
cribriform, and flat patterns of HGPIN can mimic ductal 
adenocarcinoma due to overlap in architecture. Unlike ductal 
adenocarcinoma, HGPIN typically lacks the predominance 


Figure 9-116 E Ductal adenocarcinoma involving the pros- 
tatic urethra. 
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Figure 9-117 E Cocktail of HMWK, p63 (brown), and with abundant comedo necrosis. 
AMACR (red) shows overexpression of AMACR and complete 

absence of basal cells in this adenocarcinoma with ductal features 

in biopsy. 


Figure 9-119 E Needle biopsies of adenocarcinoma with 
ductal features show cribriform patterns and papillae (A,B) with 
individual glands lined by tall columnar cells (B). Diagnosis is 
confirmed by overexpression of AMACR and absence of basal cell 
immunostaining (C). 
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of tall columnar cells and expansile large glandular growth 
pattern (not larger than native glands). Invasive features 
such as crowded back-to-back glands, stromal fibrosis, or 
PNI are absent in HGPIN. Among the patterns, micropapil- 
lary HGPIN cellular fronds lack a true fibrovascular core. 
Occasionally, the cells at the center of cribriform HGPIN 
glands tend to have lower nuclear grade. HGPIN consistently 
contains a basal cell layer highlighted by basal cell markers 
such as p63 or HMWK, in contrast to ductal adenocarcinoma 
where it is absent in a significant proportion of the glands. 

Distinction from cribriform pattern (Gleason grade 4 or 5 
if with necrosis), acinar adenocarcinoma can be problematic. 
There may be a significant overlap or perhaps a continuum 
between ductal adenocarcinoma and cribriform acinar adeno- 
carcinoma within a tumor focus. Similar to ductal adenocar- 
cinoma, cribriform acinar adenocarcinoma shows invasive 
features including large expansile growth and crowding. The 
morphologic definition of cribriform acinar adenocarcinoma 
is limited to invasive large cribriform glands lacking a “true” 
papillary component and tall columnar cells. 

Some benign lesions in the prostate may also mimic 
ductal adenocarcinoma, and their distinction is much more 
critical. Cribriform hyperplasia is an unusual form of BPH 
composed of crowded cribriform glands. This lesion typi- 
cally has a nodular pattern of growth. Unlike ductal adeno- 
carcinoma, cribriform hyperplasia is composed of cells with 
uniformly bland cytology and often with clear cytoplasm 
and absent nucleoli. The basal cell layer is present and often 
discernible in cribriform hyperplasia, and basal cell markers 
are frequently not needed for confirmation. Prostatic urethral 
polyp is a reactive papillary lesion that grows into the urethra 
and is lined by cuboidal to columnar prostatic acinar cells 
and may mimic a centrally located ductal adenocarcinoma. 
Prostatic urethral polyp is more commonly seen in younger 
patients. These lesions have benign cytologic features (e.g., 
lack nucleomegaly, hyperchromasia, and high mitotic rate). 


Mucinous (Colloid) Carcinoma 
Introduction 


Intraluminal mucin is a common finding and a helpful fea- 
ture for detection and diagnosis of acinar adenocarcinoma. 
Mucin is detected in 38% to 93% of all prostatic carcinomas 
depending on which special staining technique is used.’ 
Prostatic adenocarcinoma glands that secrete mucin may also 
develop a stromal reaction of fibrillary and nodular collagen 
deposits called collagenous micronodules which are consid- 
ered one of the pathognomonic features of carcinoma and 
appreciated in 12.7% of cases.°°3%4-43 Diagnosis of muci- 
nous carcinoma however requires more copious extracellular 
mucin and follows strict criteria. The diagnosis of muci- 
nous carcinoma is made if (a) at least 25% of tumor cells are 
seen floating in lakes of extracellular mucin, (b) dilated or 
nondilated glands containing intraluminal mucinous mate- 
rials are not accounted, (c) and extraprostatic origin of the 
tumor is ruled out. By these criteria, mucinous carcinoma is 


rare comprising only 0.38% to 0.43% of all prostate carcino- 
mas.*°°*°8 Jt is apparent with these criteria that the diagnosis 
of mucinous carcinoma is possible only in RP specimens, 
where examination of entire tumor can be made. In biopsies, 
the diagnosis of “adenocarcinoma with mucinous features” 
should be rendered. Interestingly, there seems to be a spatial 
association between collagenous micronodules and muci- 
nous carcinoma seen in 64% of cases.” 


Molecular Biology 


TMPRSS2-ERG fusion is detected in mucinous carcinoma 
with a higher incidence of 83% compared to approximately 
50% in acinar adenocarcinoma.*® Interestingly, mucin pro- 
duction is one of the morphologic features shown to be 
associated with the presence of TMPRSS2-ERG fusion in 
prostate carcinoma.” As a consequence of the gene fusion, 
overexpression of ERG protein is confirmed to be present in 
75% of mucinous carcinomas.*” 


Clinical Features 


The patients’ mean age is 56 years with a range of 44 to 
70 years, a similar age group to that of patients with aci- 
nar adenocarcinoma.***°° Mucinous carcinoma may present 
with elevated serum PSA or symptomatically with obstruc- 
tion, hematuria, or irritative symptoms.*°’** Mucosuria is 
not typically encountered. Mucinous carcinoma was previ- 
ously considered to be an aggressive variant of prostate car- 
cinoma.**8 In an earlier small study before the PSA era, 
five of six patients had recurrence or metastasis or died of 
the disease.*°* In another study from 1990, all 12 patients had 
metastasis at presentation and 7 died of the disease at a mean 
of 56 months.*”’ However, more recent data suggest that the 
behavior of mucinous carcinoma is probably similar to that 
of acinar adenocarcinoma when treated with RP or is even 
less aggressive.4 More contemporary patients have clini- 
cally or pathologically organ-confined disease.*°"°° A study 
of 14 patients with mucinous carcinoma compared to aci- 
nar adenocarcinoma had 5-year overall survival and 5-year 
biochemical recurrence-free survival of 100% versus 93.8% 
and 100% versus 68%, respectively. Another recent study 
showed a 5-year actuarial progression-free risk of 97.2% for 
mucinous carcinoma compared to 85.4% for nonmucinous 
prostate cancers (by Kattan nomogram).*” 


Pathology 


Grossly, the tumor may have mucoid or gelatinous appearance 
particularly if mucin is abundant, although many tumors are 
without any distinctive features. Histologically, the tumor cells 
exhibit cribriform, anastomosing nests, tubules, or cords seen 
floating in pools of mucin (Fig. 9-120). Unlike mucinous car- 
cinomas from other sites, signet ring cells are rarely present in 
prostatic mucinous carcinoma. The cytologic features are vari- 
able, and nuclei may have prominent nucleoli. Mitotic figures 
are not frequently seen. PAS, mucicarmine, and Alcian blue pH 
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Figure 9-120 E Mucinous carcinoma of the prostate shows (A) copious amount of extracellular mucin and (B) fused or cribriform 


glands floating in mucin pools. 


2.5 highlight the mucin in the tumor, which is often not nec- 
essary. Alcian blue reaction is decreased at pH 0.9 indicating 
presence of nonsulfated mucin. The vast majority of tumors are 
Gleason score 7 or higher, with 3 + 4=7 in 78.7% of cases.4>4 
ISUP consensus recommends grading pure irregular cribriform 
glands floating in mucin as 4 + 4 = 8.?!8 However, there is no 
consensus on grading individual discrete glands present in 
mucin,” perhaps influenced by the contrasting tumor behav- 
ior shown in earlier and more recent studies. Mucinous carci- 
noma is invariably associated with acinar adenocarcinoma. The 
amount of the mucinous component varies and ranges from 
25% to 90% (mean 52%). EPE is common with mucinous car- 
cinoma and is nonfocal or established in 25.5% of cases. 

Mucinous carcinoma expresses PSA and PSAP and can 
be helpful in diagnosis of tumors at metastatic sites.*°74* 
MUC2 is also expressed in mucinous carcinoma in contrast 
to nonmucinous prostatic carcinomas. 4!! 


Differential Diagnosis 


Mucinous carcinoma may arise from other visceral organ 
sites such as urinary bladder, urachus, urethra, and large 
bowel, and secondary involvement of the prostate must be 
ruled out. Mucinous carcinomas of colorectal and bladder 
origin usually exhibit intestinal-type appearances (i.e., tall 
columnar palisading or stratified cells) and express CDX2 
and not PSA and PSAP, in contrast to prostatic mucinous 
carcinoma. Finding dysplastic glands or urothelial carci- 
noma (in cases of mixed tumor) at the urethra or urinary 
bladder surface mucosa is helpful in establishing such sites 
as the origin of a secondary prostatic tumor. Urinary blad- 
der primary adenocarcinoma usually expresses CK7 and not 
CK20, whereas colorectal adenocarcinoma expresses CK20 
and not CK7. Nuclear B-catenin is expressed in a subset of 


colorectal adenocarcinomas, although its ubiquitous cyto- 
plasmic staining makes interpretation difficult. 

Mucinous metaplasia may occur in benign prostatic 
glands, but the mucin is intracellular and focal, and the cells 
contain unenlarged round regular nuclei and have discern- 
ible basal cells. Cowper gland has a lobular arrangement of 
glands composed of benign cells with intracellular mucin 
encountered at the apex often seen intermingled with sphinc- 
teric skeletal muscle cells. 


Signet-Ring Cell Carcinoma 
Introduction 


Signet-ring cell carcinoma of the prostate is an aggressive 
and rare variant with only <60 cases reported in the litera- 
ture.*!?“!° The estimated incidence is 30 per 100,000 cases 
of prostate cancer.*!® This tumor is considered a variant of 
high-grade prostatic adenocarcinoma. There is no unifor- 
mity in the literature in terms of the amount of signet ring 
cells required to make the diagnosis. A cutoff of more than 
25% of resected tumor showing signet ring cell morphology 
is being used as an arbitrary definition, since most of the 
published cases (85%) fulfill this definition. 


Clinical Features 


The patient ages are similar to those with acinar adenocarci- 
noma (range 50 to 85 years), and serum PSA is often elevated 
(mean 95.3 ng/mL).*!° The clinical presentation is also simi- 
lar to acinar adenocarcinoma, but with a tendency to present 
at higher stage, including some presenting with metastasis. 
One meta-analysis and review of cases showed that 34% of 
patients had stage IV disease at presentation.*!° Prognosis is 
reported to be poor with a mean survival of only 29 months. 
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Pathology 


The cells contain optically clear vacuoles that displace the 
nuclei and are widely infiltrative (Fig. 9-121). The intracyto- 
plasmic vacuoles enlarge the cells, often with a single hole 
that displaces the nucleus. Most signet-ring cell carcinomas 
lack intracytoplasmic mucinous content, but some may have 
mucin either obvious or discernible with mucin stains. It is 
not clear if mucinous and nonmucinous signet-ring cell car- 
cinomas are clinically distinct.*!’ Typically, the tumors may 
have concurrent high-grade acinar adenocarcinoma (usually 
Gleason grade 4 or 5). The amount of signet ring cell com- 
ponent varies and may compose up to 80% of the tumor. The 
Gleason score ranges from 6 to 10 and is most commonly 
8 (33%). HGPIN with optically clear vacuoles may also be 
seen associated with invasive tumor. 


Differential Diagnosis 


Morphologically, signet-ring cell carcinoma of the prostate 
if seen purely is indistinguishable from signet-ring cell car- 
cinoma from the bladder or stomach. In the prostate, primary 
signet-ring cell carcinoma usually is admixed with acinar 
adenocarcinoma and expresses PSA and PSAP. Signet ring 
cell change may occur in lymphocytic infiltrates in chronic 
prostatitis or lymphoma involving the prostate, which is con- 
sidered an artifactual change.*'**!° Lymphocytes expresses 
leukocyte common antigen (CD45) and is negative for epi- 
thelial marker, PSA or PSAP. 


Pseudohyperplastic Carcinoma 
Introduction 


Pseudohyperplastic prostate carcinoma is a variant com- 
posed of enlarged and sometimes complex malignant glands 
that architecturally, and to a certain extent cytologically, 
resembles hyperplasia.*”°*”* Pseudohyperplastic carcinoma 
is uncommon, encountered in 2% of cancers in needle 
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biopsy and 11% of cancers in RP-*”°+” Because of its decep- 
tive low-power magnification appearance, the diagnosis may 
become problematic, particularly in needle biopsy and TUR 
specimens. About half (45% to 57%) of pseudohyperplastic 
carcinomas may arise from the transition zone, which is the 
usual site for hyperplasia.!“” This variant invariably coex- 
ists with acinar adenocarcinoma often seen as contiguous 
foci or can be situated elsewhere in the prostate. When pres- 
ent, the amount of pseudohyperplastic features ranges from 
2% to 80% (mean 22%) of the carcinoma.*” 


Clinical Features 


The patient age ranges from 52 to 80 years (mean 64 years), 
which is a similar age group to that of patients with acinar 
adenocarcinoma.” Clinical follow-up studies are limited, and 
presentation may not be different from acinar adenocarcinoma. 
Since about half of the tumors are situated in the transition 
zone, it may present as an incidental finding in TUR specimens 
performed for BPH. One review of TUR specimens identified 
1.3% with pseudohyperplastic carcinoma initially misdiag- 
nosed as hyperplasia.” The clinical behavior is still unclear and 
perhaps is equivalent to that of Gleason score 6 carcinomas and 
also is influenced by the amount and grade of coexistent non- 
pseudohyperplastic carcinoma. One series identified EPE in 
43% of cases.” In a few cases with follow-up, metastases were 
documented 3 to 4 years after diagnosis in needle biopsy.*”° 


Pathology 


The tumor is often nodular, particularly in the transition 
zone or clustered when in the peripheral zone, consisting of 
large-sized or dilated glands that may be branching or with 
papillary infoldings (Fig. 9-122). Tall columnar cells with 
abundant pale to slightly granular cytoplasm with basally 
situated nuclei along the basement membrane line the glands. 
Corpora amylacea may be seen in the lumens of 20% of cases 
further confounding its overlap with epithelial hyperplasia.“ 
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Figure 9-121 E Signet-ring cell carcinoma with (A) diffuse infiltrative growth characterized by the presence of (B) tumor cells with 


intracytoplasmic vacuolations. 
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mimicking hyperplasia. Note the presence of luminal amorphous material and crystalloids. The nuclei are typically basally oriented (B). 


Malignant nuclear features are present such as nucleomeg- 
aly and nucleolomegaly, which are key in its diagnosis (Fig. 
9-123). Similar to nonpseudohyperplastic carcinomas, gland 
lumina may also contain luminal eosinophilic amorphous 
secretions, crystalloids, and uncommonly mucin. Infiltrative 
growth is not a common feature and is seen in only 27% of 
cases.” Likewise, PNI is seen in only 5% to 9% of cases.#!4? 
Pseudohyperplastic carcinoma is often admixed and shows 
transition or continuity with acinar adenocarcinoma (Fig. 
9-124). Most carcinomas are Gleason grade 3 + 3 = 6, and if 
part of a well-circumscribed nodule, the grade may include a 
component of pattern 2 (1.e.,3 +2=5or2+3=5). 

Recently, a subset of these tumors was described to 
exhibit microcystic dilatations that are sometimes lined by 
atrophic-appearing cells, in addition to other features of 
pseudohyperplastic carcinoma, and mimic cystic atrophy 
and hyperplasia.*” 
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Figure 9-123 E Key in making the diagnosis of the pseudo- 
hyperplastic variant of prostate carcinoma is the presence of malig- 
nant nuclear features. 


AMACR is expressed in 70% to 83% of pseudohyper- 
plastic carcinomas usually exhibiting homogenous staining, 
and basal cell marker HMWK is not expressed, which may 
help in confirmation of the diagnosis (Fig. 9-125).4?74%4 


Differential Diagnosis 


The nodular growth, gland architecture, pale columnar cells 
with basally oriented nuclei, occasional corpora amylacea, 
and infrequency of other usual features of cancer such as 
small glandular infiltration, mucin, and PNI in pseudohyper- 
plastic carcinoma give the deceptive appearance of hyper- 
plasia (including AAH) on low-power view. Detection of 
other luminal features of cancer such as crystalloids and 
amorphous materials is often helpful, and recognition of 
malignant nuclear features helps make the diagnosis. In 
addition, acinar adenocarcinoma is often seen adjacent to 
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Figure 9-124 E Mixed pseudohyperplastic variant (left) and 
acinar adenocarcinoma (right). 
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the pseudohyperplastic variant shows expression of AMACR (red) 
and absence of basal cell immunostaining (brown) including in 
large glands. 


these tumors. If necessary, AMACR expression and lack of 
basal cell marker staining confirm the diagnosis of the pseu- 
dohyperplastic variant. 


Atrophic Carcinoma 
Introduction 


Prostatic carcinoma glands may have a lining composed 
of flattened cells with scanty cytoplasm resembling atro- 
phic benign glands.**>*”’ An atrophic-appearing pattern in 
adenocarcinoma may also be seen in posttreatment setting, 
particularly with antiandrogen therapy. Those that occur 
without prior therapy are referred to as the atrophic vari- 
ant. This deceptive pattern often occurs admixed with acinar 
adenocarcinoma, with the atrophic pattern comprising 10% 
to 60% (mean 27%) of the tumor.*”’ Some authors require at 
least 50% of the tumor to have the atrophic pattern for diag- 
nosis as the atrophic variant.‘ 


Figure 9-126 E Atrophic variant of prostate carcinoma show- 
ing infiltrative growth. Note the presence of intraluminal mucin. 


Clinical Features 


Atrophic carcinoma is reported in 2% of carcinomas in pros- 
tatic needle biopsies and 3% to 16% of carcinomas in RP 
specimens.””>?’ Patients with atrophic carcinoma range in 
age from 48 to 73 years (mean of 60 to 65 years), a simi- 
lar age group to those with acinar adenocarcinoma.*°*’ 
Patients may also present with elevated serum PSA.*”’ The 
histologic grade, tumor volume, and pathologic stage are 
similar to acinar carcinomas, suggesting that the behavior is 
not different from acinar adenocarcinoma.*”° 


Pathology 


Atrophic carcinoma is characterized by malignant glands 
composed of cells with scanty cytoplasm and high nuclear to 
cytoplasmic ratio, giving the appearance of atrophy on low- 
power magnification (Figs. 9-126 and 9-127). These glands 
are identified as carcinoma by presence of other malignant 
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Figure 9-127 WE Atrophic variant of prostate carcinoma (A) present between benign glands mimicking focal atrophy. A key feature to 


diagnosis is the presence of malignant nuclear features (B). 
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features, mainly by nucleomegaly and prominent nucleoli 
and by the presence of infiltrative growth. In addition, lumi- 
nal features of cancer such as eosinophilic proteinaceous 
materials, blue mucin, and crystalloids may also be present. 
Most glands are well formed with lumina (Gleason grade 
3) and less often exhibit fusion (Gleason grade 4). AMACR 
is overexpressed in 69.6% of atrophic carcinomas, which is 
lower compared to acinar adenocarcinoma.*’ 


Differential Diagnosis 


Retention of nuclear and luminal features of cancer allows 
distinction of atrophic carcinoma from benign atrophic 
glands. Simple atrophy shows a lobular growth and does not 
exhibit gland infiltration. Atrophic carcinoma is often seen 
admixed with acinar adenocarcinoma which may also aid in 
its diagnosis. Beware that 30% of atrophic carcinomas may 
not express AMACR, further confounding its morphologic 
overlap with the AMACR-negative benign atrophy.*”’ It is 
also important to note that benign atrophy may have discon- 
tinuous or patchy staining for basal cell markers. Atrophic 
carcinoma should completely lack basal cell marker stain- 
ing. The mean Ki-67 proliferation index of atrophic carci- 
noma is 4% compared to 1.2% for benign atrophic glands 
and 5.3% for nonatrophic carcinoma.*** 


Foamy Gland (Xanthomatous) Carcinoma 
Introduction 


Foamy gland carcinoma is characterized by cells with 
abundant foamy cytoplasm and small pyknotic-appearing 
nuclei. Foamy gland carcinoma can be seen admixed 
with acinar adenocarcinoma in 14% to 23% of RPs.** The 
foamy gland component varies and ranges from 1% to 90% 
of carcinoma in RP and 5% to 100% of carcinoma in biop- 
sies.70!93! The lack of typical malignant nuclear features 
(1.e., nucleomegaly and prominent nucleoli) makes the diag- 
nosis as carcinoma difficult in limited samples. By electron 
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microscopy, the foamy cytoplasm is seen to be due to abundant 
microvesicles and polyribosomes, and the cytoplasm lacks 
lipid, glycogen, or neutral mucin content; thus strictly speak- 
ing these are not “xanthomatous” cells.#+#? TMPRSS2:ERG 
fusion was identified in 29% (5/17) of foamy gland carcino- 
mas, which is lower than acinar adenocarcinoma.” 


Clinical Features 


The patient ages range from 42 to 78 years (mean 62 years), 
similar to the age group of patients with acinar adenocarci- 
noma.” Some patients may present with elevated serum PSA 
and average from 8.4 to 15.2 ng/mL.??!4430432 Tt is unclear 
if tumor behavior is different from acinar adenocarcinoma. 
Initial series had shown non—organ-confined disease in 67% 
to 83% which suggested a more aggressive behavior,””!**! but 
later studies suggest that its behavior is not different from aci- 
nar adenocarcinoma.”* Foamy gland and non—foamy gland 
carcinomas appear to have about similar recurrence rates 
(23% versus 22%) and average time to PSA recurrence.** 


Pathology 


This carcinoma variant is distinguished by having cells 
with abundant voluminous pale foamy cytoplasm (Fig. 
9-128). Malignant nuclear features (i.e., nucleomegaly and 
prominent nucleoli) are not always present, as nuclei may 
be small or pyknotic (Fig. 9-129). Architectures include 
discrete well-formed glands, fused or ill-defined glands, 
cribriform structures, and nests or single cells with con- 
fluence. The glands are usually crowded and infiltrative. 
In cases of higher-grade architectural patterns, the nuclei 
occasionally show nucleolar prominence. The glandular 
lumina may contain pink amorphous secretions, which are 
common in discrete gland patterns. Other features of car- 
cinoma such as mitosis, blue mucin, crystalloids, PNI, and 
associated HGPIN are not commonly present. The ISUP 
consensus on Gleason grading recommends discounting 
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cally small dark and without nucleolar prominence. 


foamy cytoplasm and assigning a grade based on the tumor 
architecture.!* Gleason score varies from 6 to 10, and most 
are Gleason score 7 (64%).*"8”° Metastatic carcinoma cells 
from the same tumor also exhibit similar foamy cytoplasm. 
AMACR is expressed in 68% of foamy gland carcinomas, 
which can be heterogeneous, and basal cell marker staining 
is absent.*4 


Differential Diagnosis 


Distinction of foamy gland carcinoma should be made from 
its benign mimickers including prostatic xanthoma, Cowper 
gland, mucinous metaplasia, and clear cell cribriform hyper- 
plasia and can be difficult in biopsy samples. Prostate xan- 
thoma shares a similar cytoplasmic appearance with foamy 
gland carcinoma.**?34 However, xanthoma occurs purely 
as a single cell or cluster of cells that does not form any 
glands. It should be noted that a small subset of foamy gland 
carcinoma might also have infiltrative (non—gland-forming) 
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pattern. Use of epithelial markers and CD68, which are 
not expressed and which are expressed in xanthoma cells, 
respectively, may aid in their distinction. Beware that about 
10% or less of xanthoma may show nonspecific staining to 
PSA, PSAP, or AMACR.*3 Cowper gland has lobular appear- 
ance and lacks the infiltrative pattern of foamy gland carci- 
noma. In addition, luminal features of cancer, particularly 
amorphous eosinophilic secretion, are not seen in Cowper 
gland. Cowper gland is usually encountered in apical biop- 
sies, often intermingling with sphincteric skeletal muscles, 
and does not express PSA. Cribriform clear cell hyperplasia 
lacks the infiltrative growth and contains basal cells that are 
often discernible on H&E stain. Interestingly, an uncommon 
foamy HGPIN was also described, and it is unclear if this 
pattern has direct relationship to the development of foamy 
gland carcinoma. 


Carcinoma with Stratified Epithelium (“PIN-like”) 


This is a recently described variant of prostate carcinoma 
in which the malignant glands exhibit cellular stratification 
(two or more cell layers thick) and thus morphologically 
resembles HGPIN.**°#*° Thus, knowledge of the existence of 
this variant is important to avoid underdiagnoses as HGPIN. 
Patients range in age from 50 to 91 years (mean 68 years), 
a similar age group to those with acinar adenocarcinoma.**> 
The malignant glands have lumina that may be flat, tufted, 
micropapillary, or a mixture of these architectures. The 
neoplastic cells are cuboidal to mostly tall columnar cells 
with amphophilic cytoplasm and rounded to elongated 
nuclei (Fig. 9-130). Predominance of stratified tall colum- 
nar cells is similar to ductal adenocarcinoma and, thus, is 
also referred to as “HGPIN-like ductal adenocarcinoma.”*> 
The tumor lacks solid growth, necrosis, true papillae, and 
marked cellular pleomorphism. Concurrent acinar adenocar- 
cinoma can be seen in the same prostate gland, but both are 
often seen as separate nodules. The acinar adenocarcinoma 
is frequently Gleason score 6. Unlike ductal adenocarcinoma 
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9-130 E PIN-like carcinoma with (A,B) multilayered growth of tall columnar cells and elongated high-grade nuclei. 
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that behaves like Gleason score 8 cancers, it is suggested 
(based on limited follow-up) that carcinoma with stratified 
epithelium may behave similar to Gleason sore 6 cancers.** 
This unusual carcinoma variant must be distinguished 
from flat, tufted, or micropapillary HGPIN. AMACR stain- 
ing, which is often strong and diffuse, is reported in 93% of 
cases, similar to HGPIN.** Lack of staining for basal cell 
markers distinguishes carcinoma with stratified epithelium. 
Ductal adenocarcinoma exhibits true papillary or cribriform 
patterns, which are not features of PIN-like carcinoma. 


Lymphoepithelioma-like Carcinoma 


This is an exceedingly rare poorly differentiated carcinoma 
of the prostate that morphologically resembles lympho- 
epithelioma of the nasopharyngeal region.#*8 The tumors 
were reported in older individuals (66 to 82 years) present- 
ing with obstructive urinary symptoms, elevated PSA, or 
locally advanced disease. Histologically, the tumor con- 
sists of a syncytium of carcinoma cells with indistinct cell 
borders. Tumor cells exhibit vesicular nuclei and enlarged 
nucleoli and have abundant mitosis. The carcinoma cells are 
admixed with abundant lymphocytes and often plasma cells. 
Neutrophils and eosinophils may also be present. These lym- 
phocytes are polyclonal and are mostly T cells. The poorly 
differentiated carcinoma component expresses PSA, PSAP, 
and AMACR. Unlike its nasopharyngeal counterpart, no 
Epstein-Barr virus is detected in this tumor. Admixed acinar 
adenocarcinoma is often present and may include discrete 
Gleason pattern 3 the lymphoepithelioma component varies 
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from 10% to 90% of the tumor. Additional tumor morphol- 
ogy such as adenosquamous carcinoma was also reported. 
Lymphoepithelioma-like carcinoma is suggested to have an 
aggressive behavior. 


Oncocytic Carcinoma 


This is an exceptionally rare variant of prostate carcinoma 
characterized by cells that exhibit abundant eosinophilic 
granular cytoplasm.” Like oncocytic tumors from other 
organs, the cells are ultrastructurally rich in mitochondria.” 
The reported cases show infiltrating glands or solid nests 
or cords (Fig. 9-131). The nuclei are round and small to 
medium sized. PSA and PSAP are expressed by the tumor. 
The clinical significance of this variant is still unclear. High- 
stage disease, metastasis, and death occurred in some of the 
reported cases.“ 


Pleomorphic Giant Cell Adenocarcinoma 


An extremely rare type of prostate carcinoma character- 
ized by the presence of large bizarre anaplastic giant cells 
was described.“ Cases were reported in patients 59 
to 76 years old (mean 66 years).*” This morphology may 
occur admixed with high-grade prostate carcinoma (mostly 
Gleason score 9) or other histologies such as ductal adeno- 
carcinoma component, squamous carcinoma, and small cell 
carcinoma. The pleomorphic cells are positive for epithelial 
markers, but staining with PSA or PSAP is inconsistent. The 
tumor is suggested to have an aggressive behavior. 
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Figure 9-131 E Prostate carcinoma with oncocytic features. This is a needle core biopsy from a neck mass in a patient with known 
prostate and renal cancer (A). Immunostains for (B) P501S (Prostein) and (C) NK X3.1 are positive. 
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Figure 9-132 E Prostate carcinoma with cystic change (A), confirmed by absence of p63 immunostaining and AMACR 


overexpression (B). 


Other Unusual Patterns 


Microcystic change may rarely occur in prostate carcinoma, 
and is considered by some as a variant of pseudohyperplastic 
and atrophic carcinoma (Fig. 9-132).*? Another pattern is 
the carcinoid-like prostate carcinoma (Fig. 9-133A and B). 
Its very unusual neuroendocrine-like features may cause 
diagnostic problems, particularly at metastatic sites where 
carcinoid tumor is common (Fig. 9-133C). 


GLEASON GRADING 


Although in the last three-quarters of the 20th century, 
numerous histologic grading systems for prostatic adenocar- 
cinoma have been proposed“; currently, the most commonly 
used grading scheme in the Unites States and worldwide is 
the Gleason system?! (Table 9-13). 


Gleason Grading System 


The Gleason grading system was first developed in 1966 
by Donald. F. Gleason, a pathologist at the Minneapolis 
Veterans Administration Medical Center.*** 

Initially derived from a cohort of only 270 patients, the 
Gleason system is unique among pathologic grading sys- 
tems in that it is based solely on the architectural pattern 
of the tumor evaluated on H&E-stained prostatic tissue 
sections, at relatively low magnification (4x or 10x lens), 


without taking into account cytologic features. In addition, 
rather than assigning the highest pattern as the grade of the 
tumor, the grade is defined as the sum of the two most com- 
mon architectural patterns and reported as Gleason score. 

The Gleason grading method is a five-step histologic 
grading system, which considers only the degree of glan- 
dular differentiation of the tumor and its relation to the sur- 
rounding prostatic stroma.™!* Nine growth patterns are 
consolidated into five basic grade patterns, in which patterns 
1, 2, and 3 represent prostate tumors closely resembling nor- 
mal prostatic glands and grade 4 and 5 tumors show increas- 
ingly abnormal glandular architecture. The five grades are 
used to generate a histologic score, which can range from 2 
to 10, by adding the primary (or predominant) grade and the 
secondary (second most common) grade. If only one grade 
is present in the tissue sample, that pattern is multiplied by 
to give the Gleason score. 

Over the years, Gleason’s original description of each 
grade has undergone significant modification (Fig. 9-134), 
first by Gleason and Mellinger and most recently at the 
2005 ISUP Consensus Conference.?!® 


Modified Gleason Grading System 


More than 40 years have gone by since the introduction of 
the Gleason grading system. During this time, the clinical 
and diagnostic steps to detect prostate cancer have changed 
dramatically. In Gleason’s era, there was no screening for 
prostate cancer other than by DRE, since serum PSA had 
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Table 9-13 


GLEASON GRADIN 


FIGURE 


STEM FOR PROSTATIC ADENOCARCINOMA 


9-133 E Carcinoid-like prostate carcinoma (A,B) 
with metastasis to the large bowel (C). 


Pattern Tumor Shape Tumor Borders Stromal Invasion Architecture Gland Size 
{| Nodular, well- Definite, round, Pushing Single, round to oval, separated, © Medium 
circumscribed smooth edges closely packed glands 
mass 
2 Nodular, less well- Less sharp but Loosely grouped Single, round to oval, separated, © Medium 
defined mass definable edges arrangement loosely packed glands with 
variability in size and shape 
3A lll-defined tumor Infiltrating edges Irregular extension Single glands of irregular shape Medium 
nodule into stroma and spacing, with elongated 
and angular forms 
3B lll-defined tumor Infiltrating edges Irregular extension Same as 3A, but smaller glands; Small to very 
nodule into stroma cords with glandular lumina small 
SC Rounded masses Sharp, smooth Expansile Cribriform and papillary tumor, Medium to 
rounded edges without necrosis large 
4A Raggedly infiltrative Infiltrative, ragged _— Diffusely infiltrative Fused, microacinar, cribriform, Small, medium, 
mass edges or papillary or large 
4B Raggedly infiltrative Infiltrative, ragged Diffusely infiltrative Similar to 4A, but cells have Small, medium, 
mass edges clear, pale cytoplasm or large 
(hypernephroid). 
5A Rounded masses Smooth rounded Expansile Cribriform, papillary, or solid Variable 
edges with central necrosis 
(comedonecrosis) 
5B Raggedly infiltrative Infiltrative, ragged _ Diffusely infiltrative Masses and sheets of Small 


mass 


edges 


anaplastic carcinoma with 
small glandular lumina or 
signet ring cells 
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Original Gleason 


Prostatic adenocarcinoma 
(Histologic Patterns) 


Hum Pathol 1992;23:273-279. 


ISUP 2005 Gleason 


Am J Surg Pathol 2005;29:1228-1242. 


Proposed modification of ISUP 
2005 Gleason 


J Urol 2010;183:433-440. 


É 


Figure 9-134 E Original Gleason system and recent modifications. (Reprinted from Brimo F, et al. Contemporary grading for pros- 
tate cancer: implications for patient care. Eur Urol 2013;63:892—901, with permission.) 


not yet been discovered, and the cases detected tended to be 
bulky tumors. In 1974, Gleason and Mellinger reported that 
86% of men with prostate cancer had advanced disease with 
extension out of the gland on clinical examination or distant 
metastases.“ 

The method of obtaining prostate tissue was also dif- 
ferent, typically with only a couple of large-gauge needle 
biopsies taken from an area of palpable abnormality. The use 
of 18-gauge thin biopsy needle and the practice of sextant 
needle biopsies to sample the prostate more thoroughly did 
not develop until the 1980s.*5° 

RP was a relatively uncommon procedure in the 1960s, 
and the prostate was not often removed intact. In addition, 
the surgical specimens were not processed in their entirety 
or as extensively, and systematically, as they are currently, 
hence, grading multiple tumor nodules within the same 
gland and dealing with the presence of tertiary grade were 
not addressed in the original Gleason system. 

The Gleason system also predated the use of immuno- 
histochemistry: It is likely that with the use of immunoper- 
oxidase staining for basal cell markers, many of the original 
Gleason score 1 + 1 = 2 carcinomas would currently be 
regarded as adenosis (AAH). Similarly, many of the cases 
diagnosed as cribriform Gleason pattern 3 tumors in 1967 
would today be diagnosed as either cribriform high-grade 
PIN or IDC if labeled with basal cell markers.**! 

In addition, new variants and patterns of prostate ade- 
nocarcinoma have also been described since the original 
system. 


The 2005 ISUP Consensus Conference 


As a result of the changing practice of clinical urology, 
experts in urologic pathology gradually have adapted the 
Gleason system to contemporary surgical pathology prac- 
tice, but without a formal consensus until the 2005 ISUP 
Consensus Conference, during which the system underwent 
a major revision. 

An international group of more than 70 urologic patholo- 
gists convened at the 2005 United States and Canadian 
Academy Pathology meeting in San Antonio in an attempt 
to achieve consensus in controversial areas related to the 
Gleason grading.?!® 

The changes proposed at the meeting and implemented 
in the modified Gleason grade system pertain to both pattern 
interpretation and reporting. 


Change in Pattern Diagnostic Criteria 


Gleason Patterns 1 to 2 

It was a consensus that a diagnosis of Gleason score 2 
to 4 on needle biopsy should be made rarely if ever. For 
practical purposes, this change has translated into the 
virtual disappearance of Gleason score 2 to 4 on needle 
biopsy in contemporary practice. In transurethral resec- 
tion of prostate (TURP) specimens sampling the transition 
zone, Gleason score 2 to 4 cancer may still be diagnosed, 
although it is rare (Fig. 9-135). The virtual absence of 
Gleason score 2 to 4 has raised the issue as to whether 
it is more appropriate from the purpose of prognosis and 
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Figure 9-135 E Adenocarcinoma of the prostate Gleason 
score 4. The tumor nodule with definable edges consists of round 
to oval, separated, loosely packed glands with variability in size 
and shape. 


treatment to state that the Gleason score ranges from 6 to 
10 as opposed to 2 to 10.474 


Gleason Grade 3 to 4 

Gleason grade 3 prostate cancer is composed of single, well- 
formed glands (Fig. 9-136) that infiltrate among nonneoplas- 
tic prostate acini (Fig. 9-137). A departure from the original 
Gleason classification system is that “individual cells” would 
not be allowed within Gleason grade 3. 

In addition, the criteria for cribriform pattern three glands 
were tightened to include only rounded, well-circumscribed 
cribriform glands of the same size of normal glands. It was 
the consensus that most (subsequently all) of cribriform 
patterns be diagnosed as Gleason grade 4.7°* Recently, the 
validity of including cribriform glands as a component of 
Gleason grade 3 has been questioned, and it has been rec- 
ommended that all tumors showing cribriform architecture 
should be classified as Gleason grade 4*™ (Fig. 9-138A-C). 
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Figure 9-136 E Adenocarcinoma of the prostate Gleason 
grade 3 composed of single, well-formed glands. 
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Figure 9-137 E Gleason grade 3 prostate cancer infiltrating 
among nonneoplastic prostatic acini. 


Ill-defined glands with poorly formed glandular lumina 
(Fig. 9-139), fused microacinar glands (Fig. 9-140), and 
hypernephroid tumors with clear, pale cytoplasm (Fig. 
9-141) also warrant the diagnosis of Gleason grade 4. 


Gleason Pattern 5 

For the most part, Gleason original grade 5 has remained 
unchanged in modern practice. The presence of true com- 
edonecrosis within solid nests (Fig. 9-142) and cribriform 
masses (Fig. 9-143) should be regarded as Gleason grade 
5. However, one must be stringent as to the definition of 
comedonecrosis, requiring intraluminal necrotic cells and/or 
karyorrhexis. Masses (Fig. 9-144) and sheets (Fig. 9-145) of 
anaplastic carcinoma with small glandular lumina or signet 
ring cells are Gleason grade 5. 


Grading Variants of Prostate Cancer 


Vacuoles 

Adenocarcinomas of the prostate may contain clear cyto- 
plasmic vacuoles, and these should be distinguished from 
true signet-ring carcinomas, which contain mucin. The 
consensus was that these tumors should be graded as if the 
vacuoles were not present, by only evaluating the underlying 
architectural pattern. 


Foamy Gland Carcinoma 

Whereas most cases of foamy gland carcinoma would be 
graded as Gleason score 3 + 3 = 6, higher-grade foamy gland 
carcinoma exists and should be graded accordingly based on 
the pattern. 


Ductal Adenocarcinoma 

Ductal adenocarcinomas are aggressive tumors and should 
be graded as Gleason score 4 + 4 = 8 (or 9 if comedone- 
crosis is present), retaining the diagnostic term ductal ade- 
nocarcinoma to denote the unique clinical and pathologic 
findings.**' However, the recently described PIN-like ductal 
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Figure 9-138 E Adenocarcinoma of the prostate Gleason 
grade 4 with cribriform architecture (A—C). 
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grade 4 with fused microacinar formation. 


grade 4 with poorly formed glandular lumina. 
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grade 4 with clear, pale cytoplasm (hypernephroid). 


adenocarcinoma should be graded as Gleason grade 3 if the 
glands are discrete as in usual acinar adenocarcinoma.**° 


Colloid (Mucinous) Carcinoma 

The majority of cases of colloid carcinoma consists of irregu- 
lar cribriform or fused glands floating within a mucinous matrix. 
These cases should be scored as Gleason score 4 + 4 = 8. 
However, there was no consensus for cases where individual 
round discrete glands were seen floating within mucinous pools. 


Small Cell Carcinoma 

Small cell carcinoma of the prostate has unique histologic, 
immunohistochemical, and clinical features such that it 
should not be assigned a Gleason grade. 


Reporting Limited Secondary Pattern of Lower 
Grade 


In the setting of high-grade cancer, one should ignore 
lower-grade patterns if they occupy <5% of the tumor area. 


Ficu 
necrosis (comedonecrosis). 


grade 5, cribriform gland with central necrosis (comedonecrosis). 


For example, a needle biopsy core entirely involved by can- 
cer, with 98% Gleason pattern 4 and 2% Gleason pattern 
3, would be diagnosed as Gleason score 4 + 4 = 8. This 
scoring is a departure from the original Gleason system, 
which would have resulted in a diagnosis of Gleason score 
4+3=7. 

The same 5% cutoff rule for excluding lower-grade tumor 
also applies for TURP and RP specimens. 


Reporting Limited Secondary Pattern of Higher 
Grade 


High-grade tumor of any quantity on needle biopsy, iden- 
tified at low to medium magnification, should be included 
within the Gleason score. Consequently, a needle biopsy 
entirely involved by cancer with 98% Gleason pattern 3 
and 2% Gleason pattern 4 would be diagnosed as Gleason 
score 3 + 4 = 7. This method is unchanged from the original 
Gleason system. 


TATO 


prostate composed of expansile mass of anaplastic tumor cells. 
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Figure 9-145 W Gleason grade 5 adenocarcinoma of the 
prostate composed of sheets of anaplastic tumor cells. 


Tertiary Gleason Grade 


Needle Biopsy 

In the uncommon case in which there are three different 
grades on needle biopsy, but the third pattern is lower grade, 
the lower grade should be ignored. 

Tumors with grades 3, 4, and 5 should be classified over- 
all as high grade (Gleason score 8 to 10), given the presence 
of high-grade tumor (patterns 4 and 5) on needle biopsy. For 
these tumors, both the primary pattern and the highest grade 
should be recorded. For example, tumors on needle biopsy 
with Gleason score 3 + 4 with tertiary pattern 5 would 
be recorded as Gleason score 3 + 5 = 8 (Fig. 9-146). This 
method is a major departure from the original definition of 
the Gleason grading system. 


Radical Prostatectomy 

The definition of tertiary grade is controversial for RP 
specimens. Prostate cancer is commonly multifocal and 
the recommendation of the consensus conference was to 


FIGURE 


9-146 E Adenocarcinoma of the prostate with 
Gleason grade 3 (left) and Gleason grade 5 (right). 


assign a separate Gleason score to each dominant tumor 
nodule. 

According to some authors, the definition of tertiary grade 
for RP is the presence of a third pattern higher than the pri- 
mary and secondary patterns, where the tertiary component 
is visually estimated to be <5% of the whole tumor.*** When 
the third most common component is the highest pattern 
and occupies >5% of the tumor, some authors would record 
it as the secondary grade. This definition is not universally 
accepted, with some pathologists diagnosing the tertiary 
grade regardless of the proportion.*°>“%° 


Needle Biopsy with Different Cores Showing 
Different Grades 


When one or more needle biopsy cores show pure high-grade 
cancer (Gleason score 4 + 4 = 8) and the others show pattern 
3 (Gleason score 3 + 3 = 6; 3 + 4 = 7; 4+ 3 = 7), the con- 
sensus of the group is to assign individual Gleason scores to 
separate cores as long as the cores were submitted separately. 

When different cores with different grades are submitted 
in the same container without a site designation, either grad- 
ing each core separately or giving an overall grade for the 
involved cores is acceptable. 


Impact of the Modified System 


Gleason grading remains the single most powerful prognos- 
tic parameter in prostate cancer and is used in nomograms, 
such as the Kattan nomograms*”** and the Partin tables,*? 
which guide patient treatment decisions. Therefore, preserv- 
ing the integrity and the prognostic utility of the Gleason 
system is crucial. Since the publication of the ISUP consen- 
sus modification of Gleason scoring, some supporting evi- 
dence for these recommendations has been reported. 


Upgrading 


An important consequence of narrowing the definition of 
Gleason grade 3 and expanding the definition of pattern 4 
has been Gleason grade migration or upgrading. As a con- 
sequence, Gleason score 6 prostate cancer, once the most 
common pattern on needle biopsy, has become less common 
than Gleason score 7. 

In two recent studies comparing the original and modified 
Gleason systems in needle biopsy specimens, Gleason score 
6 tumors decreased from 48% to 22% and from 68% to 55% 
of the total, whereas Gleason score 7 cases rose from 25% 
to 68% and from 30% to 43% with the implementation of 
the modified system.*°“*! In RP specimens, Gleason 7 cases 
rose from 48% to 60%.**! In the cohort of patients evalu- 
ated by Dong et al.,*® 34% of patients with original Gleason 
score 6 prostate cancer were upgraded to modified Gleason 
score 7 or 8 by the ISUP criteria. 


Biopsy—Prostatectomy Agreement 


Data are mixed as to whether modified Gleason grading 
improves biopsy—prostatectomy concordance. One study 
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found a higher percentage agreement by chi-square test (P < 
0.001), although x statistics were not done.*” The agreement 
of Gleason score between NCB and RP specimens after 
modified Gleason grading was more than 85% for Gleason 
score 7, which is significantly higher than the 45% reported 
with the old conventional Gleason grading system.*°4% 
Another study, using « statistics and three pathologist evalu- 
ators, found no improvement in concordance or in interob- 
server reproducibility.*~ 


Correlation with Outcome and Stage 


The important test of the validity of the new Gleason sys- 
tem is its correlation with patient outcomes. In a study of 
806 prostatectomy specimens with prostate cancer of orig- 
inal Gleason score 6 or 3 + 4 = 7 and modified Gleason 
score 6 to 8 with a median follow-up of 12.6 years, 
patients with classical Gleason score 6 upgraded to 
modified Gleason score 7 or 8 had intermediate patho- 
logic stage, biochemical progression-free survival, and 
metastasis-free survival compared with patients with clas- 
sical and modified Gleason score 6 and patients with clas- 
sical Gleason score 3 + 4 = 7 and modified Gleason score 
7 or 8.47 

In another study of 204 prostatectomy specimens, the 
Kaplan-Meier curves showed original Gleason grading to 
associate with biochemical progression (P = 0.002), while 
the modified Gleason grade did not (P = 0.393). However, 
when scores were grouped (<6, 7, 8-10), the modified 
Gleason score improved outcome association from nonsig- 
nificant to significant for the distinction between Gleason 6 
or lower and Gleason 7 groups, but not between Gleason 7 
and Gleason 8 to 10 groups.*® 

It has been shown that for Gleason score 7 tumors, those 
with tertiary patterns on needle biopsy had a higher risk of 
PSA recurrence when compared to tumors without tertiary 
pattern.*°° Similarly, it has been shown that score 7 tumors 
with tertiary pattern 5 had a time to PSA failure interme- 
diate between Gleason score 8 and Gleason score 9 to 10 
tumors.*°” 

The limited studies published to date suggest that the 
presence of a higher-grade tertiary pattern is a marker of 
more aggressive disease. Additional studies with long-term 
follow-up are necessary to fully estimate the effect of modi- 
fied grading on outcome. 


Interobserver Reproducibility 


The interobserver reproducibility among pathologists using 
the modified Gleason system, with values around 80%, 
has improved compared to the old conventional Gleason 
grading, which has interobserver agreement rates of about 
60% 460.468.4069 

While this improvement might in part be due to the 
decreased diagnosis of low-grade carcinoma on needle 
biopsy using the modified system, improvement has also 
been seen in the reproducibility of recognition of Gleason 
grade 4.4°8 
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Clinical Implications 


One consequence of the modifications of the Gleason sys- 
tem is the increasing difficulty to compare prostate can- 
cer patient outcomes over time. The contemporary cases 
of Gleason score 6 are a homogeneous group of tumors 
without cribriform or poorly formed glands and there- 
fore associated with a better prognosis than Gleason 
score 6 tumors graded under the original Gleason system. 
The resulting false impression that the survival rate has 
improved, when in fact much of the change is due to modi- 
fications in classification, is referred to as the Will Rogers 
phenomenon.*”°*7? 

Whether the Gleason upgrading on prostate cancer needle 
biopsy is going to affect clinical decision making remains to 
be seen. 


STAGING 


Introduction 


RP is considered to be the most reliable method of eradica- 
tion of localized prostate cancer, and the pathologic classifi- 
cation of the specimen following surgery provides important 
prognostic information. An accurate pathology report is the 
cornerstone of cancer treatment and follow-up. 

The objectives of staging are to group malignancies with 
similar prognosis and therapeutic approach, to be able to 
compare clinicopathologic data from different institutions, 
and to perform clinical trials or research studies on a homo- 
geneous population of patients. 

In addition to the preoperative serum PSA, Gleason score 
on pathology specimen, SVI and lymph node status, EPE, 
and positive surgical margins are significant predictors of 
clinical and biochemical recurrence.**4”5 

The reporting of pathologic staging parameters in RP 
specimens is essential for predicting local and distant dis- 
ease recurrence and for planning adjuvant treatment. 


Clinical and Pathologic Staging 


Staging involves determination of the anatomic extent or 
spread of prostate cancer at the time of diagnosis based 
on clinical and pathologic criteria. The TNM staging is 
the most widely used system for prostate cancer staging 
and assesses the extent of primary tumor (T stage), the 
absence or presence of regional lymph node involvement 
(N stage), and the absence or presence of distant metasta- 
ses (M stage) (Tables 9-14 and 9-15). Once the T, N, and M 
are determined, a stage of I, H, III, or IV is assigned, with 
stage I referring to early disease and stage IV referring to 
advanced disease. 

Several modifications have been made over time to the 
TNM staging system in an attempt to improve the unifor- 
mity of patient evaluation and to maintain a clinically rele- 
vant classification system. In the most recent American Joint 
Committee on Cancer (AJCC) classification Gleason score 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


630 Urological Pathology 


Table 9-14 m DEFINITIONS OF CLINICALTNM 


Table 9-15 m DEFINITIONS OF PATHOLOGIC 
TNM ACCORDING TO AJCC (2010) 


ACCORDING TO AJCC (2010) 


Clinical 


Primary Tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

JK] Clinically inapparent tumor neither palpable nor 

visible by imaging 

Mia Tumor incidental histologic finding in <5% of tissue 

resected 

T1b Tumor incidental histologic finding in >5% of tissue 

resected 

Te Tumor identified by needle biopsy (e.g., because of 

elevated PSA) 

T2 Tumor confined within prostate 

2a Tumor involves one-half of one lobe or less 

T2b Tumor involves more than one-half of one lobe but 

not both lobes 

Ie Tumor involves both lobes 

T3 Tumor extends through the prostate capsule 

T3a Extracapsular extension (unilateral or bilateral) 

T3b Tumor invades seminal vesicle(s) 

T4 Tumor is fixed or invades adjacent structures other 
than seminal vesicles such as external sphincter, 
rectum, bladder, levator muscles, and/or pelvic wall 

Regional Lymph Nodes (N) 


NX Regional lymph nodes were not assessed 
NO No regional lymph node metastasis 
N1 Metastasis in regional lymph node(s) 


Distant Metastasis (M) 
Mo No distant metastasis 


M1 Distant metastasis 
Mia Nonregional lymph node(s) 
Mib Bone(s) 


Mic Other site(s) with or without bone disease 


Prostate. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer 
Staging Manual. 7th ed. New York: Springer; 2010:457-468, with 
permission. 


and PSA have been incorporated in the anatomic stage/prog- 
nostic groups (Table 9-16).*”° 


ClinicalT Staging 


Clinical staging (cTNM) is performed by the urologist or 
referring physician during the initial evaluation of the patient 
or when pathologic classification is not possible. All parame- 
ters available before the first definitive treatment may be used 
for clinical staging and remain unchanged even if pathologic 
findings differ. Primary tumor assessment includes DRE of 
the prostate and histologic confirmation of prostate cancer 
by TRUS-guided biopsy. 

Clinical staging stratifies patients based on the tumor 
detection method, separating nonpalpable “incidental” 
prostate tumors detected during TUR of the prostate for 
BPH (classified as stage Tla or T1b) and palpable cancers 
detected by DRE (stage T2) (Table 9-14). Nonpalpable can- 
cer detected by an elevated serum PSA level or an abnormal 
TRUS image is classified as stage Tc. 


Pathologic 


Primary Tumor (pT) 
pl2 Organ confined 


pT2a Unilateral, one-half of one side or less 

pT2b Unilateral, involving more than one-half of one side, 
but not both sides 

pl2c Bilateral disease 


pS Extraprostatic extension 


pT3a Extraprostatic extension or microscopic invasion of 
bladder neck 
pT3b Seminal vesicle invasion 


pT4 Invasion of rectum, levator muscles, and/or pelvic wall 
Regional Lymph Nodes (pN) 

pNX Regional lymph nodes not sampled 

pNO No positive regional lymph nodes 

pN1 Metastases in regional lymph node(s) 

Distant Metastasis (pM) 

pMO No distant metastasis 


pM1 Distant metastasis 

pM1la Nonregional lymph node(s) 

pMib Bone(s) 

pM1c Other site(s) with or without bone disease 


Prostate. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer 
Staging Manual. 7th ed. New York: Springer; 2010:457-468, with 
permission. 


Substaging of clinical stage T2 prostate cancers is largely 
based on the extent of the abnormality palpated during 
a DRE or shown during TRUS in each half of the gland. 
Prostate cancer extending beyond the boundary of the gland 
is classified as stage T3; tumors fixed or invading adjacent 
structures other than seminal vesicles, such as the external 
sphincter, rectum, bladder, levator muscles, and/or pelvic 
wall, are considered equivalent to clinical stage T4.*”° 


Table 9-16 ANATOMIC STAGE/PROGNOSTIC 

GROUPS (FROM AJCC 2010) 

Group T N M PSA Gleason 

| Tia-c NO MO PSA < 10 Gleason <6 
T2a NO MO PSA < 10 Gleason <6 
T1-2a NO MO PSAx Gleason X 

IA Tla-c NO MO PSA < 20 Gleason 7 
Tla-c NO MO PSA>10<20 Gleason <6 
T2a NO MO PSA <20 Gleason <7 
T2b NO MO PSA <20 Gleason <7 
T2b NO MO PSAx Gleason X 

IB 12e NO MO Any PSA Any Gleason 
T1-2 NO MO PSAœ220 Any Gleason 
T1-2 NO MO Any PSA Gleason 2 8 

Il T3a-b NO MO Any PSA Any Gleason 

V T4 NO MO Any PSA Any Gleason 
AnyT N1 MO Any PSA Any Gleason 
AnyT AnyN M1 Any PSA Any Gleason 

Prostate. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer 


Staging Manual. 7th ed. New York: Springer; 2010:457-468, with 
permission. 
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PathologicT Staging 


Pathologic staging (pTNM) is based on the gross and micro- 
scopic examination of the prostate gland and is performed 
after surgical resection of the primary tumor. In general, RP 
including regional lymph node dissection with comprehen- 
sive histologic examination is required for complete patho- 
logic classification. 

However, a rectal biopsy positive for prostate cancer 
allows a pT4 classification without prostatectomy; similarly, 
a prostate biopsy revealing the presence of cancer glands in 
extraprostatic tissue or infiltrating seminal vesicles permits 
a pT3 classification. 


Pathologic Stage T2 


Within category pT2 prostate cancers, a wide variation in 
tumor extent may be seen, which varies from single micro- 
scopic lesions to large-volume multifocal tumors, often 
involving both sides of the prostate. In the TNM 2002 stag- 
ing system, pT2 disease was subdivided into three catego- 
ries, pT2a, pT2b, and pT2c, as determined by involvement of 
less than one-half of one side (unilateral disease), more than 
one-half of one side (unilateral disease), and both sides of the 
prostate gland (bilateral disease), respectively (Table 9-15).*”” 
In the TNM 2010 staging system,“ the clinical and patho- 
logic substaging of pT2 prostate cancers has been retained, 
although the prognostic value of this has been questioned.*”**° 

In contrast to clinical substaging, pathologic T2 substag- 
ing has failed to demonstrate a significant prognostic differ- 
ence for intermediate-term outcomes between pathologic 
stage T2a versus T2b versus T2c disease**°+* and seems to 
confer no prognostic value for predicting biochemical recur- 
rence after RP. The seventh edition of the AJCC TNM stag- 
ing system retains the same three pT2 categories as the sixth 
edition to allow for the accumulation of more data to address 
this issue, although future staging systems may collapse the 
substages into a single group.*” 

The 2009 ISUP Consensus Conference on handling and 
staging of RP specimens, concluded that consensus was 
reached to discontinue the use of the current pT2 substag- 
ing system. In view of the lack of clinical significance of 
the current (TNM 2002/2010) pT2 subcategories, there 
was general agreement for the recommendation that the 
reporting of pT2 substaging of prostate cancers should be 
optional.**4 


Pathologic Stage T3 


Pathologic stage T3 disease is subdivided into two categories 
as determined by the presence of EPE in any location (pT3a) 
and the presence of SVI with or without EPE (pT3b). 


Extraprostatic Extension (pT3a) 


Extraprostatic extension is the preferred terminology and 
should be used rather than terms such as capsular inva- 
sion, capsular penetration, or capsular perforation. EPE is a 
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Figure 9-147 E At low-power magnification, a few cancer 
glands are noted outside of the confines of the prostate, admixed 
with periprostatic fat. 


well-known adverse prognostic factor in prostate cancer, and 
accurate identification is required for optimal patient man- 
agement after RP.485486 

EPE is simply defined as the presence of prostate can- 
cer beyond the confines of the prostate, and criteria exist to 
guide pathologists in its recognition. In the posterior, pos- 
terolateral, and lateral aspects of the gland, tumor admixed 
with periprostatic fat is the most easily recognized mani- 
festation of EPE (Fig. 9-147). However, the prostate gland 
does not possess a true histologic capsule,**’ and at times, 
it can be challenging to identify the boundary of the gland, 
particularly when prostate cancer is associated with a des- 
moplastic reaction at the periphery.***“*? The presence of a 
distinct tumor nodule within desmoplastic stroma that bulges 
beyond the normal rounded contour of the gland may also be 
recognized as EPE*® (Fig. 9-148). EPE in the posterolateral 
area can be diagnosed when tumor is identified within loose 
connective tissue or perineural spaces of the neurovascular 
bundles even in the absence of direct contact between tumor 
cells and adipocytes (Fig. 9-149). 

In the apex, anterior, and bladder neck regions, there is 
a paucity of fat, and the histologic boundary of the pros- 
tate is poorly defined, complicating the assessment of EPE 
at these sites. At the apex, some authors consider EPE exists 
when malignant glands touch an inked surgical margin 
where benign glands have not been similarly cut across or 
when tumor extends beyond the contour of the normal gland 
(Fig. 9-150), while others strictly require fat involvement, 
which is uncommon.**“”? At the 2009 ISUP Consensus 
Conference, it was agreed that prostate cancer can be cat- 
egorized as pT3a in the absence of adipose tissue involve- 
ment when cancer bulges beyond the contour of the gland 
or beyond the condensed smooth muscle of the prostate at 
posterior and posterolateral sites. At the anterior most 
part, there is paucity of glandular elements in the anterior 
fibromuscular stroma creating a gap in the gland contour, 
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also be recognized as EPE. 


making assessment of EPE in the absence of fat involvement 
difficult. Because of the intermingling of benign glands with 
skeletal muscles at the apex and anteriorly, involvement of 
skeletal muscle alone at these sites should not be considered 
as EPE.489.490 

Substantial variability between experienced and inexpe- 
riencied pathologists has been reported regarding the diag- 
nosis of EPE.4”*”! It is also important to realize that not all 
patients with EPE can be accurately identified, particularly 
when prostate cancer is present at the surgical margin of 
resection. 

Recognizing that more than 50% of patients with EPE at 
RP do not show tumor progression over a 10-year follow-up 
period,*” different methods have been suggested to quantify 
EPE that will provide more accurate prognostic information 
in terms of PSA failure and cancer progression. However, no 
single method has emerged that is objective, practical, and 
accurate in terms of its ability to predict biochemical failure 
and disease progression. 


the perineural space of the neurovascular bundle at multiple sites. 


In 1993, Epstein et al.“ suggested to categorize the extent 
of EPE as focal (Fig. 9-151) or established (Fig. 9-152) 
(where focal refers to finding a few neoplastic glands out- 
side the prostate and established to anything more than a 
few glands). Later on, Wheeler et al. subdivided prostate 
tumors with EPE into two subgroups: focal and established 
(where focal was defined as extraprostatic tumor occupying 
less than one high-power field on less than or equal to two 
separate sections and established as any EPE that was more 
extensive than focal). 

Most recently, Sung et al.“ have measured the maximum 
distance of tumor protruding beyond the outer margin of the 
prostatic stroma (radial extent) in RP specimens. When they 
systematically compared their approach with other methods 
of EPE quantification, they found that the radial distance 
of EPE was the only independent predictor of PSA recur- 
rence in multivariate analysis.“ However, the accuracy of 
any method used to quantify EPE is limited by the difficulty 
pathologists can encounter in identifying the boundary of the 
prostate gland in some cases.*”° 

An overwhelming majority of the 2009 ISUP Consensus 
Conference delegates supported the suggestion that EPE 
should be quantitated. However, the delegates could not 
agree on what specific method should be used to classify 
EPE as focal. 


Microscopic Bladder Neck Invasion (pT3a) 


In the sixth edition of AJCC staging, bladder neck involve- 
ment was considered as advanced disease and categorized as 
pT4, based on the belief that tumors that invade surrounding 
structures are more aggressive and warrant higher staging.*”° 
This outdated staging system was based upon finding mac- 
roscopic invasion of the bladder neck or external sphincter 
by the urologist. 

Today, most prostate cancer patients with bladder neck 
invasion are detected incidentally after RP. Microscopic 
bladder neck involvement is defined as the presence of tumor 
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cells within smooth muscle bundles of the bladder neck in 
absence of benign prostatic glandular tissue on the corre- 
sponding slide (Fig. 9-153).*” 

The College of American Pathologists (CAP) practice 
protocol on prostate and the 7th edition of the AJCC staging 
system (AJCC 2010)*” state that microscopic involvement 
of bladder neck muscle fibers indicates pT3a disease and that 
gross involvement of the bladder neck is required for pT4 
stage.“ Several recent studies questioning the independent 
prognostic significance of microscopic bladder neck involve- 
ment by PCA have reported a risk of progression similar to 
EPE and lower than SVI, supporting the notion that bladder 
neck invasion should be considered as pT3a disease.?7*° >"! 

During the 2009 ISUP Consensus Conference, there was 
consensus that tumor involving the bladder neck, specifically 
defined as neoplastic cells within thick smooth muscle bun- 
dles, should be reported as pT3a. The presence of prostate 
cancer glands intermixed with benign prostatic glands at the 


ping around a nerve outside the prostate, at the same level as peri- 
prostatic fat. 
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bladder neck was considered equivalent to capsular incision. 
It was recommended that if tumor is present at the inked 
resection margin at the bladder neck, this should be stated 
in the report.” 


Seminal Vesicle Invasion (pT3b) 


The identification of SVI has an important role in determining 
a patient’s prognosis after RP and may guide appropriate sub- 
sequent therapy by use of a number of predictive models.*™ 
SVI is defined as invasion of the muscular wall of seminal 
vesicle by prostate cancer (Fig. 9-154).°“ The variation in the 
pathologic handling and sampling of seminal vesicles in RP 
specimens is responsible for the wide range in the percentage 
of cases with seminal vesicle involvement (5% to 10%) and in 
the 5-year biochemical recurrence-free survival (5% to 60%) 
reported in major series.°°° °°’ SVI is commonly associated with 
EPE and has been shown to be an adverse prognostic factor. 


PLOT i A > x 
Figure 9-152 E Established EPE with numerous neoplastic 
glands extending beyond the contour of the normal prostate and a 
few glands admixed with periprostatic fat. 
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infiltrating among thick muscle bundles of the bladder neck in the 
absence of benign prostatic glandular tissue. 


The junction of the seminal vesicle with the prostate 
gland should always be assessed for contiguous spread and 
should be considered the minimum necessary to adequately 
sample seminal vesicles.” At the 2009 ISUP Consensus 
Conference, it was agreed that only muscular wall invasion 
of the extraprostatic seminal vesicle should be regarded as 
SVI.” 


Stage T4 


Pathologic stage T4 prostate cancer is defined by direct rectal 
involvement, gross invasion of the urinary bladder, external 
sphincter, levator muscles, and/or pelvic wall, with or without 
fixation. Since the widespread of PSA screening, clinical 
stage T4 prostate cancer has become rare, and patients with 
large bulky masses involving the above-mentioned struc- 
tures are not typically candidates for surgical treatment. 


AA De — 


RNA a 
Figure 9-154 E Invasion of the muscular wall of the seminal 
vesicle by prostate cancer is stage pT3b. 


However, it is reasonable to assign a pT4 stage to a RP 
specimen with an associated biopsy of rectum, urinary blad- 
der (that is not microscopic invasion of bladder neck), or 
pelvic side wall positive for prostate cancer, directly invad- 
ing these structures, as assessed by clinical and/or radiologic 
means.°” 

Today, prostate cancer with rectal involvement is a clini- 
cally late event usually associated with wide EPE and fre- 
quently distant metastases and carries a dismal prognosis 
despite multimodality treatment.*!°°!! Urinary bladder and 
rectum involvement by prostatic carcinoma can also occur via 
lymphovascular invasion (LVI), without contiguous spread; 
for these cases, an M1 designation may be more appropriate 
than pT4. 


Surgical Margin Status 


Surgical margin status in RP specimens is a prognostic 
parameter for postoperative biochemical recurrence and dis- 
ease progression.**°5 

On pathologic evaluation, a positive surgical margin is 
defined as the presence of tumor cells reaching the inked sur- 
gical margin of resection of the RP specimen (Fig. 9-155).°! 
Despite general consensus on the importance and clinical 
relevance of RP surgical margin status, marked variability 
still exists in the interpretation of surgical margins by pathol- 
ogists practicing in different institutions. 

The acceptance of considering a surgical margin as neg- 
ative (Fig. 9-156) as long as cancer cells do not reach the 
inked surface of the specimen, despite microscopically close 
distances (<0.1 mm), is supported by the absence of residual 
tumor and lack of postoperative disease progression in such 
patients.*8°°!4 

Interinstitutional variation in the specific classification of 
margins makes it difficult to compare the location of posi- 
tive margins in RP specimens in various reported series. 


cells are touching the inked surgical margin of the RP specimen. 
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Figure 9-156 E Negative resection margin. Despite micro- 
scopic closeness to the inked surface of the specimen, the cancer 
glands do not reach the ink. 


Consensus agreement was reached for the uniform reporting 
of the location of positive margins as posterior, posterolat- 
eral, lateral, and anterior at the the prostatic apex, midpros- 
tate, or base.5° 

Several studies have shown that the extent of tumor 
at the surgical margin correlates with postoperative dis- 
ease recurrence.°'*>!> On the basis of the balance of data 
available in the literature, there was a consensus that the 
extent of a positive margin should be recorded as mm of 
involvement." 


Lymphovascular Invasion 


LVI is a well-established prognostic factor in a number of 
human malignancies and is among the histologic variables 
that the Association of Directors of Anatomic and Surgical 
Pathology (ADASP) and the CAP recommend to report in 
RP specimens."!65!7 

LVI is defined as the unequivocal presence of tumor cells 
within endothelial-lined spaces with no muscular walls 
(Fig. 9-157) or as the presence of tumor emboli in small 
intraprostatic vessels.5!85!° 

Recently, the incidence of LVI in prostate cancer patients 
with pT3aN0 disease was found to range between 28% and 
35%.°*°?! The prognostic significance of LVI in prostate can- 
cer has been investigated by different groups with conflicting 
findings. LVI has been significantly associated with regional 
lymph node metastases*” and with adverse pathologic fea- 
tures in RP specimens,*” such as higher Gleason score, posi- 
tive surgical margins, EPE, and SVI.°'? Multivariate analyses 
have confirmed that LVI is an independent predictor of dis- 
ease recurrence.>!>5!8923 

At the 2009 ISUP Consensus Conference, there was con- 
sensus that LVI should be reported in the routine examina- 
tion of RP specimens.” 
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Figure 9-157 E Lymphovascular invasion. Tumor cells are 
present within an intraprostatic endothelial-lined space with no 
underlying muscular wall. 


Regional Lymph Nodes 


The N staging assesses the absence (NO) or presence (N1) of 
regional lymph node involvement. The spread of any tumor 
to lymph nodes (Fig. 9-158) indicates tumor dissemination 
and has an important impact on management and progno- 
sis. Despite recent advances in imaging techniques, pelvic 
lymph node dissection remains the most accurate staging 
procedure for the detection of lymph node involvement by 
prostate cancer. 

For prostate cancer, the regional lymph nodes are the 
nodes of the true pelvis, located below the bifurcation of the 
common iliac arteries. Laterality does not affect staging. The 
current AJCC staging manual does not include any stratifica- 
tion of prostate cancer patients according to the number of 
positive lymph nodes. 


Figure 9-158 W Metastatic prostate cancer involving a 
regional lymph node. 
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The number of lymph nodes obtained in a lymphadenec- 
tomy varies widely among centers, which is a function of 
surgical technique as well as pathologic practice. The diam- 
eter of the largest metastasis appears to be more predic- 
tive of cancer-specific survival than the number of positive 
nodes alone.***>> At the 2009 ISUP Consensus Conference, 
there was a consensus that the diameter of the largest lymph 
node metastasis should be included in the final pathology 
report.” 


Metastases 


Prostate cancer tends to spread to the regional lymph nodes 
and bone and, to a lesser degree, to the lung, liver, and brain. 
Metastases in other locations are exceptional. 

Involvement of lymph nodes lying outside the bound- 
aries of the true pelvis is classified as Mla disease. 
Osteoblastic bone metastases (M1b) are the most com- 
mon nonnodal site of metastasis with more than 50% of 
patients with advanced prostate cancer having identifiable 
lesions (Fig. 9-159).°*° Lung and liver metastases are usu- 
ally identified late in the course of the disease and classi- 
fied as MIc. 

The presence of bone metastases indicates to a poor prog- 
nosis and is one of the major causes of morbidity and mortal- 
ity in PCA patients. 


PROGNOSTIC AND PREDICTIVE FACTORS | 


Clinicopathologic Factors 
Gleason Grade 


Gleason grade is one of the most important prognostic 
factors for prostate cancer. In needle biopsies with can- 
cer, Gleason grade is widely used to choose the mode of 
therapy. Higher Gleason score (7 to 10) is associated with 


Figure 9-159 E Metastatic prostate cancer involving femoral 
head bone. 


worse prognosis than scores of 5 to 6; the latter have sig- 
nificantly lower progression and biochemical recurrence 
rates. Gleason score in NCBs correlates with findings at RP 
(e.g., stage, Gleason score, tumor volume, and margin sta- 
tus) and outcome after RP, radiotherapy, hormonal therapy, 
and other treatments, such as cryotherapy and neoadjuvant 
therapy, or no treatment. In needle biopsies, the predictive 
value of Gleason score is enhanced when combined with 
PSA level and DRE findings. In 2005, Gleason grading 
was updated to its current modified scheme by ISUP via 
a consensus conference,”'* which further improved its cor- 
relation with pathologic stage, margin status, biochemical 
recurrence, and survival.*34>468.471.527-529 The new ISUP 
modified Gleason grading system caused upgrading across 
the different grade spectrums, most notably of Gleason 
score 6 cancers.****” The upward grade migration led to 
purer Gleason score 6 cancers and enhanced the separa- 
tion of Gleason grade 3 + 4 = 7 and 4 + 3 = 7 cancers 
as distinct prognostic groups.**? Among Gleason score 7 
cancers, up to 95% of 3 + 4 = 7 carcinomas are organ- 
confined tumors, whereas 79% of 4 + 3 = 7 carcinomas 
are of higher stage.” It is unclear, however, if the prog- 
nostic difference in Gleason score 7 cancers is also pres- 
ent in needle biopsies that can be used reliably to aid in 
choosing the type of therapy. Interestingly, a recent study 
suggested that Gleason 3 + 3 = 6 cancer according to the 
ISUP modified grading does not show metastasis,**! pre- 
cipitating a provocative discussion of whether tumors with 
this grade should be labeled as cancer.*** Gleason grade is 
an integral component of predictive nomograms and TNM 
stage groupings for prostate cancer, which are important 
tools in helping clinicians decide on management and fol- 
low-up.*°8-49?533534 Gleason grade on biopsy is also incor- 
porated in preoperative nomograms to predict recurrence 
in patients with localized disease after prostatectomy.**”°** 
Gleason grading is covered in detail in the preceding part 
of this chapter. 


Tumor Quantification 


Several studies have shown a strong correlation of tumor 
volume in needle biopsy with RP stage, final tumor vol- 
ume, Gleason score, margin status, neurovascular bun- 
dle involvement, and posttreatment progression.??*°?>°37 
Higher tumor volume in biopsies is associated with EPE 
and SVI on RP”®-537 and, more importantly, is predictive of 
biochemical recurrence. Tumor volume in biopsies is also 
being incorporated as one of the elements in nomograms 
to predict biochemical recurrence after RP. Although good 
correlation is shown with high tumor volume, the pres- 
ence of a small amount of tumor in biopsies is not always 
indicative of small tumor volume in RP specimens. This 
is not unusual particularly in predominantly anterior-based 
tumors that are not accessed adequately by TRUS-guided 
biopsy. 
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The different methods of measuring tumor volume in 
biopsies such as by total percentage of cancer, greatest 
percentage of cancer per core, total cancer length in mil- 
limeters, and fraction of positive cores of needle biopsy 
are shown to be highly correlated. The fraction of posi- 
tive cores, total percentage of cancer, and both total and 
greatest millimeter cancer lengths are most closely asso- 
ciated with pathologic stage and biochemical failure sta- 
tus. In a survey among urologic pathologists, the most 
common approach of measuring tumor extent in biopsies 
is to provide the number of cores involved and measure- 
ment of tumor in millimeters and/or percentage.*** Tumor 
in biopsies can be present as multiple discontinuous foci, 
thus introducing two possible ways of measuring tumor 
extent—whether or not to include the intervening stroma. 
It was shown that measuring the multiple foci as a single 
connected focus rather than “collapsing” or adding the indi- 
vidual lengths correlates with stage and margin status.*° 
However, if the discontinuous tumors are separated by <5 
mm distance, it does not matter which type of measurement 
is performed.** Quantification of tumor volume in needle 
biopsies is generally straightforward, but it can be challeng- 
ing in fragmented cores.™ Fragmentation is more common 
in tissue cores containing cancer, and the number of cores 
submitted and Gleason score contribute to the likelihood of 
fragmentation.” 

The percentage of tumor should always be reported in 
TURP, as tumor volume is a determinant of substaging of 
cT1 tumors.™' However, the significance of dividing tumor 
volume in TURP using the current 5% cutoff in terms of 
predicting residual tumor and biochemical recurrence is still 
being debated.***°* While waiting for more evidence and 
optimal tumor volume cutoffs, it is recommended that the 
number of involved chips and the percentage of involved to 
total chips should be reported. 

Earlier studies have shown correlation of tumor volume 
in RP with local extension, disease progression, metastasis, 
and patient survival.**>** It was also shown that the tumor 
percentage is perhaps better than the tumor volume in RP 
to correlate with pathologic stage and as predictor of tumor 
progression.“*°4” However, with subsequent studies, the 
value of tumor volume in RP as a prognostic variable is still 
being debated, as more contemporary studies are showing 
contrasting results. While some studies have shown tumor 
volume to be an independent prognostic factor in RP,*?>” 
more studies have shown that it does not provide independent 
prognostic information beyond Gleason score and pathologic 
stage.553-558 

There are different approaches to measuring tumor vol- 
ume in RP. The most practical and rapid way is by estimation 
of the percentage of tumor involvement by visual inspec- 
tion.“ Other methods have better precision but are more 
tedious such as by measuring the diameter of the largest 
focus,**°*? three-dimensional measurement,*°? computer- 
assisted image analysis of the maximum tumor area,* block 


Chapter 9 E Adenocarcinoma of the Prostate 637 
counting,™ 5 grid method,“ point count method,“ and 
by naked eye visualization after marking the slides.**'! Most 
urologic pathologists provide the diameter of the largest 
tumor for size assessment and visual inspection for tumor 
volume.*** Tumor dimensions can be directly measured on 
coronal sections but there may be problems on estimating 
the third dimension, which relies on the thickness of the 
sections. 

In cases of prostate glands with multifocal cancers, the 
index tumor was suggested to be the focus or nodule con- 
taining the highest grade and/or stage and is considered to 
be the main determinant of tumor behavior among the sev- 
eral foci.*** The size of the dominant tumor nodule may be 
provided in two measured dimensions and/or by number of 
blocks involved over total number of blocks. However, the 
concept of index tumor is also being challenged because the 
largest tumor dimension, as mentioned above, is not inde- 
pendently associated with outcome in more contemporary 
studies and that the largest size nodule does not always cor- 
relate with highest grade on RP. The issues of multifocal 
cancers and dominant nodules may become more relevant 
with the emerging treatment strategy of focal therapy for 
localized prostate cancers.*® 

Measuring the largest tumor dimension is also being con- 
sidered as a determinant in substaging localized prostate 
cancer (pT2) in RP*?°*!°%5°7 The following cutoffs were 
proposed: 5 mm or less, 5 to 16 mm, and >16 mm for pT2a, 
pT2b, and pT2c, respectively.* These cutoffs were based on 
the rationale that tumor dimension of <0.5 mm has tumor 
volume of <0.5 cm’, an increase of 10 mm in size increases 
the recurrence risk by 70%, and that 16 mm was shown to 
be the median maximum tumor diameter.*4!***°°” However, 
this substaging proposal has yet to be validated by an inde- 
pendent study. 


Extraprostatic Extension 


The prostate does not have a true capsule, but instead 
has an outer rim of condensed fibrous tissue that is con- 
tiguous with the stroma. EPE is the preferred term over 
other ambiguous terms such as “capsular penetration” or 
“capsular extension.”° 5° Histologically, EPE is defined 
as tumor involvement of the fat, since fat inside the pros- 
tate is vanishingly rare.**? EPE is reported in about 36% 
of prostatectomy specimens and is most easily recogniz- 
able in the posterior and posterolateral parts where there 
is abundance of fat. In cases wherein there is no direct 
contact of tumor to fat, any tumor seen on the outer rim 
of loose connective tissues at plane of fat is labeled as 
EPE. However, the amount of extraprostatic fat may vary 
and may be scant or not present at the apex, anterior, or 
base that limits the assessment of EPE. Alternatively, it 
is suggested that for these three regions, that tumor out- 
side the benign glandular confines should be regarded as 
EPE, although this is controversial. Rarely, fat may be seen 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


638 Urological Pathology 

around apex making assessment of EPE possible, particu- 
larly with robotic-assisted resections. Prostate cancer may 
extend to extraprostatic tissue by traveling via a nerve, and 
peri-/intraneural invasion within or in the plane of fat is 
also considered as EPE. Transition zone cancer when it 
extends to outside of prostate usually does not travel via 
the nerve.** 

It is important to comment on the extent of EPE and 
if the resection margin is positive for tumor at the site of 
EPE (noniatrogenic, discussed below). Dividing EPE as 
focal or nonfocal was shown to have prognostic value.4494 
EPE is considered focal when tumor extension is less than 
one high-power field from the prostate outer boundary and 
is not present in more than two sections.“ EPE is nonfo- 
cal or established with more extensive local tumor spread 
outside of prostate. The 5-year progression-free survival 
for focal EPE is 73%, whereas it is 42% for established 
EPE” 

Size estimate of EPE is optional and can be performed by 
taking the greatest linear dimension with or without the total 
number of blocks involved. The radial distance of EPE was 
shown to be an independent predictor of PSA recurrence, 
compared with the focal and established EPE assessment.‘ 
Reporting of location of EPE is considered optional. In a 
2010 ISUP survey, most expert GU pathologists report the 
location and number of EPE despite of no proven clinical 
relevance yet.**4 

Interobserver agreement in calling EPE among expert 
GU pathologists is good to excellent (x 0.63).4°° The main 
reasons for the appreciable interobserver variability among 
experts include the lack of consistent prostate “capsule” 
boundary and presence of obscuring desmoplasia.*”° 

Comments of EPE may be made in needle biopsy or 
TURP when the specimen shows fat with involvement by 
tumor. In needle biopsy, involvement of fat does correlate 
with findings of EPE in prostatectomy specimens. In biopsy 
and prostatectomy, involvement of striated muscles (anterior 
or apex) and/or ganglion cells alone should not be interpreted 
as EPE. Presence of EPE at needle biopsy is associated with 
extensive high-grade carcinoma and EPE at prostatectomy, 
but with relatively limited value when present as an isolated 
prognostic factor.’ 


Margin Status 


A resection margin is considered positive if tumor cells 
are seen touching the ink or more assertively if the cancer 
gland is transected at the inked margin.**’°’'°” Positive 
surgical margin is reported in 11% to 34% of RP speci- 
mens.*86°!9571573-577 Positive surgical margin has been shown 
to independently predict biochemical recurrence.*!**” 
However, this finding is contradicted by other studies. 
If the tumor is organ confined, the positive surgical mar- 
gin (1.e., iatrogenic margin) may have no effect on tumor 
progression.*” There is higher nonprogression rate or 
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increase in PSA with negative (83%) than positive (64%) 
RP margin.*”” Tumor that is only close to the margin (e.g., 
<0.1 to 5 mm) does not predict PSA recurrence and tumor 
progression.*!458058! 

The extent of positive margin should be measured and 
reported. It was shown in several studies that extent of 
positive margin may have some predictive value.>!49!58585 
Using a 3-mm cutoff, recurrence rate was reported as 53% in 
>3-mm positive margin, whereas it was only <14% in 3-mm 
or less positive margin.*'* Further, positive surgical margin 
when stratified into categorical variable (<1, 1 to 3, >3 mm) 
was shown to be an independent predictor of biochemical 
recurrence. Interestingly, patients with negative margins 
and those with a positive margin <1 mm have similar rates 
of biochemical recurrence (log rank test P = 0.18).°’> Most 
expert GU pathologists prefer to report positive surgical 
margin in mm.* 

There are two types of positive margins, iatrogenic or 
noniatrogenic types, distinguished by presence or absence 
of complete outer prostate rim and EPE at the tumor tran- 
section site. Iatrogenic or capsular incision (pT2, R1) is 
when tumor is transected at a margin within the prostate. 
Noniatrogenic is when tumor at EPE is transected at the 
margin (pT3 R1). Isolated iatrogenic positive margin may 
have higher recurrence rate than organ-confined or focal 
EPE margin negative tumors and lower recurrence rate than 
extensive noniatrogenic positive margin tumor.*** However, 
the clinical relevance of these types of positive margin is still 
being debated.>**+°* 

The location of positive margin should also be reported. 
Common sites of positive margin are the apex, poste- 
rior, and posterolateral aspects of prostate.1893!12573975586 
The distribution of positive margins for retropubic, peri- 
neal, and laparoscopic RPs was apex in 50%, 33.3%, 
and 44.4%; bladder neck in 29.1%, 41.7%, and 13.9%; 
and posterolaterally in 20.8%, 25%, and 41.6%, respec- 
tively.” With robotic prostatectomy, the apex has the 
highest incidence, which constitutes about half of the 
positive margins, and the rates are lower than the open 
prostatectomy approach.** The iatrogenic-type positive 
margin is more common at the posterolateral than apex." 
Positive margin at the posterolateral may carry a higher 
risk of progression.*” Location of positive surgical mar- 
gin was not proven to be an independent predictor of bio- 
chemical recurrence.°” 

The Gleason score of the tumor at the margin is recently 
considered as another important variable in assessment of 
positive margin. The Gleason score at the transected site 
may be similar or lower to that in the main tumor. Gleason 
score at the margin strongly correlates with preopera- 
tive PSA, pathologic stage, and Gleason score of the main 
tumor, lymph node status, and the linear length of tumor at 
the positive margin.**’ More importantly, Gleason score at 
the margin independently predicts biochemical recurrence 
(P < 0.05). 
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The multifocality or number of positive surgical margins 
may have clinical relevance. Multiple versus solitary positive 
surgical margins is independently associated with increased 
risk of biochemical recurrence.** 

More recent approach in management of positive surgi- 
cal margin prefers to wait for biochemical recurrence before 
proceeding with intervention. Some may opt for local RT. 
Reporting of presence of transected benign glands at the 
margin including its size and focality (unifocal or multifo- 
cal) is optional, as this was not shown to strongly correlate 
with biochemical recurrence. 


Perineural Invasion 


PNI is defined as presence of prostate cancer juxtaposed 
intimately along, around, or within a nerve. PNI is a ubiqui- 
tous finding reported in up to 38% of needle biopsy% and is 
one major route for EPE. There appears to be some patho- 
biologic affinity and enhanced proliferation of prostate car- 
cinoma to nerve, which may explain this phenomenon.*?'** 
PNI when present within fat is considered as EPE in prosta- 
tectomy or biopsy. 

Studies over the last two decades showed varied results 
regarding the prognostic significance of PNI on needle biopsy, 
and thus, its value as a prognostic factor still remains contro- 
versial.>*°**8 More recent studies, however, have shown that 
patients with PNI were more likely to have adverse patho- 
logic features, including EPE, SVI, and positive surgical 
margins.” One large study of 3,226 patients identified 
PNI in 20% of biopsies and was shown to be independently 
associated with adverse pathologic features and worse sur- 
vival outcomes after RP.” PNI in a needle biopsy has been 
correlated with recurrence and prostate cancer-specific mor- 
tality after RT. ! But given the variable findings from dif- 
ferent studies, reporting status of PNI in a biopsy is currently 
considered optional. 


Lymphovascular Invasion 


LVI is characterized by presence of tumor cells within an 
endothelial-lined space in the prostate that is usually devoid 
of a muscular wall.5!8-52!-602-608 LV] is reported in the range of 
5% to 38% in prostatectomy*!85!9521,602-605.607.609.610. the wide 
range reflects the variability and difficulty in interpretation. 
Distinction between a vessel and a lymphatic channel is often 
difficult, although distinction between these two structures is 
of no clinical relevance. Several tissue changes may uncom- 
monly mimic LVI such as retraction artifact, PNI, cancer 
impinging upon vascular space, tangential sections of endo- 
thelium, displacement of benign and collapsed malignant 
glands, retraction with erythrocytes, intravascular degener- 
ating tumor cells, malignant glands in atrophic ducts, and 
myofibroblastic proliferation in thrombosed vessels.® LVI 
can be confirmed by the use of endothelial-associated mark- 
ers such as CD31, CD34, and D2-40, although this is often 
not necessary. 
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About half of LVI occurs in the tumor, and about half 
can be outside at the prostatic stroma.°°” Incidence 
of LVI is higher in higher-volume tumors (7% in <4 mL 
and 24% higher-volume cancers). LVI was shown to 
be associated with adverse pathologic variables such as 
higher PSA, higher Gleason grade, higher percentage of 
positive biopsy cores, EPE, PNI, seminal vesicle exten- 
sion, and positive surgical margins.>!59!9°?3.603.005.610 PV] is 
also associated with distant metastasis and overall survival 
after RP.5!%60760 Several studies have shown LVI as an 
independent predictor of biochemical failure and disease 
progression®!*9!8923,603.605.610; thus, reporting of LVI in RP is 
required. 


Seminal Vesicle Invasion 


Invasion into seminal vesicle is considered only when pros- 
tate carcinoma involves the seminal muscular wall.50450 
Portion of seminal vesicle may be intraprostatic, and only 
extraprostatic SVI should be considered. Prognostic distinc- 
tion however is only scantily addressed in the literature. In 
needle biopsy specimens, SVI can be diagnosed particu- 
larly in biopsies that are directed at the seminal vesicles. 
However, it is important to remember that there is signifi- 
cant overlap in the histologic features of the seminal ves- 
icles and the ejaculatory ducts including the characteristic 
features of the epithelium. The muscular wall of the semi- 
nal vesicles is thick with dense smooth muscle and a well- 
defined outer surface. The muscular wall of the ejaculatory 
ducts is usually thinner, less dense, and less well defined. 
If benign prostatic glands are in immediate contact with 
the muscular wall of the structure in question, this would 
favor ejaculatory duct. In some cases, it is not possible to 
be certain whether the structure involved is SV or ejacula- 
tory duct, and in this situation, the report should reflect this 
uncertainty. 

There are three mechanisms of SVI by prostate cancer: 
type 1, direct spread along ejaculatory duct tissue into semi- 
nal vesicle; type 2, direct extra- or intraprostatic spread into 
seminal vesicle; and type 3, noncontiguous metastasis to 
seminal vesicle. Types 1, 2, and 3 SVI are reported in 26%, 
33%, and 13% cases with SVI, respectively.™ It is unclear, 
however, if these different types of tumor spread to seminal 
vesicles have prognostic importance. 

SVI overall predicts poor prognosis in terms of bio- 
chemical failure and is considered as an important vari- 
able in staging locally aggressive prostate cancer (pT3b). 
Differences in how seminal vesicles are sampled and 5-year 
recurrence-free survival vary from 5% to 60%.°!! 


Bladder Neck Invasion 


In the recent 2010 AJCC staging, bladder neck invasion 
by prostate cancer is categorized as pT3.*4! Bladder neck 
invasion is considered when there is invasion of prostate 
cancer on bundles of smooth muscles from a section site 
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identified as bladder neck.*°'*!°°'? Some experts require 
microscopic invasion in smooth muscle tissue in the 
absence of benign prostatic glands.°”°'?*'S The CAP pro- 
tocol specifies microscopic invasion of bladder neck mus- 
cle as pT3a.*® Bladder neck invasion is reported in 1.2% 
to 9% of prostatectomies.*°7:501.574.612617 Most studies show 
similar prognosis of bladder neck invasion to EPE.50!574612- 
614 Bladder neck invasion is associated with adverse prog- 
nostic variable such as higher Gleason grade, larger tumor 
size, positive margins, higher stage including EPE, and 
lymph node metastasis.*°’°!**!© However, bladder neck 
invasion is not an independent prognostic predictor when 
the other adverse prognostic variables are controlled. From 
a study with a large cohort of 17,000 men, isolated posi- 
tive bladder neck margin after RP had a 12-year biochemi- 
cal recurrence-free survival of 37% and cancer-specific 
survival of 92%, which were similar to patients with SVI 
(pT3b) and EPE (pT3a), respectively.°'’ According to the 
ISUP consensus, bladder neck involvement is considered 
as pT3a and that presence of prostate cancer intermixed 
with benign glands at bladder neck is considered equiva- 
lent to capsular incision. 


Biomarkers 


Prostate cancer is known for its heterogeneous behaviour. 
Many tumors are detected at an early stages and have ions 
latency periods. There has been much research attention on 
identifying biomarkers that can predict progression. Despite 
extensive research efforts, no biomarker is currently used 
in routine practice as a prognostic or predictive marker for 
prostate cancer. 

Several review articles dealing with prognostic and 
predictive markers for prostate cancer including immuno- 
histochemical markers and serum and/or plasma assays are 
available in the literature.**°* °° Table 9-17 summarizes 
potential prognostic and predictive biomarkers for prostate 
cancer. 


SPECIMEN HANDLING AND REPORTING 


Specimen Handling 


The routine surgical pathology specimens in prostate can- 
cer practice are usually NCBs and RPs. TURP is mainly 
used for BPH, and sometimes, specimens harbor inciden- 
tal prostate cancer. Occasionally, a TURP is performed 
to relieve obstruction in advanced prostate cancer. Fine 
needle aspiration of the prostate, while popular in Europe 
in days past, is rarely done today and is not recommended 
because the lack of tumor architecture precludes assess- 
ment of Gleason grade and there are problems with 
specificity. 


The CAP and ADASP have produced regularly updated 
guidelines, protocols, checklists, and recommendations 
for handling and reporting specimens containing prostate 
cancer, 4®8568.569.647.648 More recently, the CAP has become 
the principal American organization responsible for main- 
taining these guidelines. This concerted effort has been 
strengthened by the requirement of the American College 
of Surgeons Commission on Cancer that the mandatory 
elements of the CAP cancer checklists be present in at 
least 90% of pathology reports in cancer facilities seeking 
CoC accreditation. The Royal Colleges of Pathology in the 
United Kingdom and Australasia have also been active in 
the development of data sets and structured reporting guide- 
lines for cancer specimens.™?°° More recently, the Colleges 
of Pathology in the United States, United Kingdom, and 
Australasia together with the Canadian Association of 
Pathologist have formed the International Collaboration on 
Cancer Reporting (ICCR).*'! This group is involved in the 
development of harmonized international cancer reporting 
data sets based on existing jurisdictional data sets using an 
evidence-based framework. The data sets contain required 
and recommended elements and have extensive explanatory 
notes. Recently, a data set for RPs has been published.®' 
These guidelines will be incorporated into the WHO publi- 
cations in the near future. 

In 2011, the ISUP provided comprehensive consensus 
statements to address the different issues in the handling 
and reporting of RP specimens.484503-509.513.652 A survey 
was also conducted among European pathologists but 
mainly on handling and sampling of prostatectomy speci- 
mens.°°* Several comprehensive reviews on reporting and 
handling of prostate specimens are also available in the 
literature .487569-629-654,655 


Needle Core Biopsy 


Historically, thick core (14-gauge) digital-guided biopsies 
were performed to investigate DRE abnormalities. However, 
these were supplanted in the late 1980s by TRUS-guided 
thin-core (18-gauge) biopsies, and this technique has stood 
the test of time.‘ For more than a decade, systematic sex- 
tant sampling of the bilateral base, middle, and apical 
regions was a standard practice. More recently, extended 
sampling protocols have been used often yielding 10 to 
14 cores including ones from wide lateral locations. 6657 
Sometimes, selected samples from the transition zones and/ 
or from nodules detected by DRE or TRUS are also taken. 
There is little gain in cancer detection when more than 14 
cores are obtained.®* There are many advantages of site- 
specific labeling, which are shown in Table 9-18. The loca- 
tion and distribution of tumor is used by some urologists 
and radiation oncologists to plan therapy. This information 
is of particular importance with emerging focal therapies.°© 
When the specific site of an ASAP is known, the follow-up 
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Table 9-17 


Biomarkers 


Applications 


Assays 


SELECTED CANDIDATE BIOMARKERS IN PROSTATE CANCER 


Comment 


TMPRSS2:ERG®° 


Kem 


AMACR®! 


Annexin A3832 


Cysteine-rich secretory 
protein 3 (CRISP-3)633.634 


E-cadherin®> 636, 637, 638 


Prostate stem cell antigen 
(PSCA)®2. 640, 641, 642 


Transforming growth 
factor-B1 (TGFB1)%564 


Enhancer of zeste 
homolog 2 (EZH2)645.646 


hK-related peptidase 2 


Urokinase-type 
plasminogen activator 
receptor 

Insulin-like growth factors 
(IGF) and binding 
proteins (IGFBP) 

Prostate secretory protein 
(PSP94) 


Chromogranin A 


Prognostic 


Prognostic and 
predictive 


Prognostic 


Prognostic 


Prognostic 


Prognostic 


Prognostic 


Predictive 


Prognostic 


Prognostic 


Prognosti 


O 


Prognosti 


C 


@ 


Prognosti 


Prognosti 


O 


Prognostic 


ERG immunohistochemistry, 


FISH 


Immunohistochemistry 
(needle biopsy and RP) 


Immunohistochemistry 
(needle biopsy and RP) 


Immunohistochemistry 
(needle biopsy) 


Immunohistochemistry (RP) 


Immunohistochemistry (RP) 


Immunohistochemistry 


In situ hybridization (needle 


biopsy) 


Immunohistochemistry (RP) 


Blood assay 


Immunohistochemistry (RP) 


Blood assay 


Blood assay 


Blood assay 


Blood assay 


Blood assay 


Blood assay 


Reports on prognostic value conflicting 


Prognostic for death in patients of watchful 
waiting cohorts and for biochemical 
recurrence in patients treated with RP 
predictive for disease progression in 
patients undergoing radiation 

Lower AMACR expression is associated 
with increased rate of biochemical 
recurrence and cancer-specific death in 
localized prostate cancer. 

Reduced expression in prostate cancer 
correlated with increasing Gleason 
score and stage, independent 
adverse prognostic factor and 
enabled substratification of group of 
intermediate-risk patients into high- and 
low-risk subgroups 

Independently predicts recurrence after RP 
for localized prostate cancer 

Inverse correlation of E-cadherin 
expression with Gleason grade and 
aberrant staining correlated with tumor 
stage and overall survival 

Expression correlates with tumor stage, 
grade, and androgen independence. 

Levels suppressed after external beam 
radiotherapy, and elevated levels after 
therapy may be a clinically adverse 
predictor for tumor progression. 

Increased TGFßB1 in prostate tissue 
correlated with tumor grade and stage 
and biochemical progression 

Preoperative serum level of TGF-B1 
correlated with EPE, seminal vesicle 
extension, metastasis, and biochemical 
recurrence 

Predicts prostate cancer recurrence 
after RP 

Outperform PSA and Gleason score in 
determining prostate cancer progression 

Predictor of stage and biochemical 
recurrence 

High concentration correlates with 
prostate cancer progression. 


Increased IGF-1 and decreased IGFBP-3 
concentrations have been correlated 
with increased risk for prostate cancer. 

Ratio of PSP94 to free PSP94 and 
serum level of PSP94-binding protein 
associated with Gleason score, 
biochemical recurrence, and margin 
status 

Monitoring of castration-resistant 
advanced prostate cancer 
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Table 9-18 m ADVANTAGES OF SITE-SPECIFIC 


LABELING OF BIOPSIES 


e Location and distribution of tumor used in treatment 
decisions 
o Plan radiation fields (e.g., brachytherapy) 
o Laterality useful in planning nerve-sparing RP 
o Basal positivity may influence bladder neck-sparing RP 
o Critical for emerging focal therapies 

e Knowledge of ASAP site allows focused rebiopsy. 

e Knowledge of CA site useful in follow-up biopsies for 
patients on active surveillance 

e Knowledge of site of CA allows targeted additional sam- 
pling of RP with no apparent cancer. 

e Allows detailed correlation with DRE and TRUS 

e Knowledge of biopsy sites helps to identify diagnostic 
pitfalls (e.g., seminal vesicle or central zone in basal sites). 

e Less cores per container provides technical advantages 
for histology. 


biopsies can be focused on that site and immediately adja- 
cent ones. Likewise, for minimal cancers on active surveil- 
lance protocols, knowledge of the site of initial positivity can 
allow a more directed approach in the follow-up biopsies. 
Knowledge of the location of abnormality helps to fine- 
tune differential diagnosis. For instance, biopsies from the 
basal region often show prostatic central zone glands, which 
are architecturally complex and may simulate HGPIN.®? 
Importantly, site-specific labeled cases generally have either 
one or two cores per container, and these are easier for the 
technologists to handle than cases where there are three or 
more cores in the container. This increased number of sites 
per case and the directed sampling has impacted the han- 
dling and reporting of biopsy specimens and of course the 
pathologist’s workload. 

It is imperative that needle biopsies of the prostate be 
handled with extreme care by competent technical staff who 
understand the implications of their work. Misidentification 
errors are a nightmare for laboratories, pathologists, and 
clinicians alike. A molecular study of prostate biopsies in a 
large clinical trial has shown misidentification errors in 0.2% 
to 0.4% of cases. Wherever possible, a bar-coding system 
should be used. When accessioning cases, many laboratories 
avoid sequential numbering of prostate biopsies and separate 
each prostate biopsy with other biopsy types. 

In handling NCBs, one should document the number and 
lengths of tissue cores and/or core fragments per submitted 
container. Ideally, there should be one core submitted per 
container (site). Submitting three or more cores per con- 
tainer can cause problems for the histology laboratory. Only 
one to two tissue cores per paraffin block are desirable to 
maximize tissue surface area for analysis. More cores per 
block may not fully expose all cores on one plane of sec- 
tion and may lead to undesired tissue loss especially when 
chasing the cores deeper into the block (Fig. 9-160).66174 For 


Longitudinal Section of Core Biopsies in Block 


Wax block 


Wax block 


Figure 9-160 E Embedding multiple cores in a paraffin block 
may create uneven levels among cores, resulting in loss of tissue 
when cutting. 


the pathologist, reading a few cores at a time also facilitates 
identification of small atypical glandular foci.**° 

For specimen fixation, neutral buffered formalin is pre- 
ferred. Bouin solution is not recommended as it alters the 
nuclear appearance and may enhance the nucleoli even in 
benign glands. Hematoxylin or other indelible dyes make 
tissue cores more visible and facilitate cutting of paraffin 
blocks. Following tissue processing, the embedding, microt- 
omy, and staining should be carried out in a standardized, 
high-quality fashion. Tissue cores should be embedded flat 
and straight, if possible, for ease of screening. Microtomy 
should be done fastidiously with care taken not to exhaust 
the blocks. Many laboratories save intervening unstained 
sections for use in immunostaining, if required. This is not 
necessary in all situations, especially in high-volume pros- 
tate laboratories where technologists are highly skilled in 
tissue core conservation. Generally, two or three slides per 
block each with two or three sections per slide are presented 
to the pathologist for reading. 

One cannot overemphasize the importance of both 
thin sections (4 to 5 um) and standardized consistent 
H&E staining. Day-to-day variations in staining are to be 
avoided since the nuclear and cytoplasmic criteria used to 
make a diagnosis, especially in the case of minimal ade- 
nocarcinoma, are dependent on tinctorial consistency and 
reproducibility. 


Transurethral Resection 


Prostate cancer is detected in 4% to 16% of TURP, the vast 
majority incidentally identified.**°°' TURP is performed 
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mostly to treat BPH although its use is declining because 
of growing popularity of nonsurgical and ablative therapies. 
In TURP, cancer detection is also decreasing because of 
widespread PSA screening and usage of TRUS-guided nee- 
dle biopsies. TURP specimens mostly contain prostatic 
transition zone, periurethral glands, and urethral tissues; 
however, variable amounts of peripheral zone may also be 
present. 

Incidental prostate cancer in TURP specimens is catego- 
rized as cTla when <5% and cT1b when >5% of the tis- 
sue is involved. Gleason score does not affect the T-category 
but does affect the stage grouping. Categorical division 
has been questioned because it is greatly dependent on the 
amount of tissue recovered at surgery and sampled for his- 
tology. Further, this division does not accurately predict the 
final pathologic stage or correlate with biochemical recur- 
rence after RP, when preoperative variables such as PSA and 
Gleason grade are taken into account.*753° The cT1b 
tumors vary considerably in the amount of cancer present, 
and it has been suggested that stratification of tumor volume 
is predictive of prostate cancer death.° Most incidental can- 
cer detected in TURP samples is organ confined, and in up 
to 16% of RP cases, no residual cancer (pTO) is detected. 
The use of serum PSA <1.0 ng/mL is a better predictor for 
pTO than cT 1a or cT 1b categorization.°® 

The CAP has provided some guidance for submitting 
TURP specimens.“ If the specimen weighs <12 g, the tis- 
sue should be submitted entirely. If the specimen is >12 g, 
6 to 8 cassettes (roughly equivalent to 12 g) should be 
submitted, and one may submit 1 cassette for every addi- 
tional 5 g of tissue. Sensitivity for cancer detection may 
be increased by selectively submitting tissue fragments that 
are firm, yellow, or grossly suspicious for cancer; however, 
the data supporting this statement are scant. If incidental 
prostate cancer comprises <5% of tissue examined, the 
entire remaining specimen may be submitted, but this deci- 
sion should be made on a case-by-case basis depending 
on clinical circumstances. Likewise, if HGPIN is detected 
without cancer, additional sampling may be undertaken 
although there is a paucity of data to support this decision, 
one way or the other. 


Radical Prostatectomy 


The ISUP made recommendations through consensus con- 
ference statements aimed at standardizing the handling, 
staging, and reporting of RP specimens.43450-509.513.652 There 
is also guidance in various college protocols and guidelines 
cited earlier. 

The RP specimen should be weighed and measured in 
three dimensions (vertical from base to apex, transverse from 
right to left, and sagittal from anterior to posterior). Separate 
dimensions for the seminal vesicles and ejaculatory ducts 
(if present) should be given. Unless the RP is being sampled 
in the fresh state for research, it should be fixed in 10% 
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neutral buffered formalin for 18 to 24 hours prior to sec- 
tioning. Sectioning the prostate gland without fixation often 
results in tissue bulging and retraction of the “capsule” upon 
immersion in fixative. The number of specimens received 
fresh without fixative is increasing because of the need for 
harvesting fresh tissues for molecular studies.°” It is impera- 
tive that sampling for research should not compromise the 
important variables particularly grading, staging, and margin 
status. Some authors have suggested that sampling of fresh 
RPs can be done by ex vivo shaving or punch biopsies.65>667 
Tissue sampling should be performed immediately to assure 
better quality of DNA, RNA, and proteins. Formalin 
fixation often causes nucleic acid fragmentation and protein 
cross-linking,°” but has been shown to have no effect on RNA 
quality for genomic expression analysis.°”' Alternative ways 
of fixing RP specimens include microwave-assisted technique 
or directly injecting fixative to facilitate diffusion.°*°”°? 
The entire outer surface of the prostate should be 
inked using at least two different colors to identify lateral- 
ity (right or left) and outer extent or margin of the speci- 
men.” Orientation is occasionally challenging, and helpful 
landmarks include the attached seminal vesicles at the pos- 
terosuperior aspect and the smooth fascial plane along the 
posterior aspect. Furthermore, the verumontanum of the 
urethra points anteriorly, the ejaculatory ducts are directed 
posterosuperiorly toward the seminal vesicles, and skeletal 
muscle can be identified in the anterior fibromuscular region. 
When sectioning, the apex, base, and seminal vesicles 
should be handled in a standardized fashion. It is recom- 
mended that every institution and multi-institutional clinical 
studies should use the same sampling protocol for consis- 
tency. Ideally, the apex should be amputated and sectioned 
perpendicular to the inked surface (Fig. 9-161). Perpendicular 


Figure 9-161 E Gross dissection of the prostate with sec- 
tioning of both apex and base in perpendicular fashion (Courtesy 
of Mark Wahrenbrock, MD). 
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apical sections may be taken either in a radial manner (sim- 
ilar to cervical cone) or as series of parallel (parasagittal) 
sections. Most urologic pathologists prefer parasagittal sec- 
tioning, which allows more uniform thickness of sections.*? 
Shave (en face) sections of the apical margin are not recom- 
mended as they may lead to a false-positive margin, since 
the mere presence of tumor cells on the section is considered 
transection. Furthermore, assessment of EPE is not possible 
since only prostatic tissue without the adventitial tissue may 
be present on superficial cuts. The prostatic urethra often 
retracts, and urothelium may not be present in the apical sec- 
tions. This is pertinent only when the prostate or urethra also 
contains urothelial carcinoma. 

The base (bladder neck) can be submitted en face or in a 
perpendicular fashion with the latter being favored. The base 
is often irregular, and a shaved (en face) submission may 
result in a false-positive margin. 

The remainder of the prostate gland can be submitted 
entirely or partially. There are several approaches to partial 
embedding, and these depend on the clinical stage (cTlc 
or cT2) or if the cancer is grossly apparent. In one study, 
complete embedding was not superior to partial embedding 
for detecting adverse pathologic variables.” Partial embed- 
ding that includes submission of the grossly visible lesion 
results in detection of 96% of positive margins and 91% 
of EPE compared with complete embedding (13 versus 42 
blocks).”*° Another study submitting alternate slices showed 
detection rates for EPE of 15%. Among the partial embed- 
ding techniques, submitting the entire posterior and one 
anterior section from each side or the entire anterior tissue 
if there is sizeable tumor detected 100% of positive margins 
and 96% of EPE.°’® While both partial and complete embed- 
ding are acceptable, if partial embedding is used, it should 
be done in a consistent fashion. The middle portion of the 
prostate is serially sectioned transversely at 3- to 5-mm 
intervals, and the sections submitted entirely, preferably in 
quadrants. Partial sampling should be systematic to allow 
for assessment of volume, multifocality, and orientation. 
Random sampling precludes tumor measurements, focal- 
ity determination, and location of positive margin and EPE. 
Grossly evident tumor should be sampled to include adjacent 
extraprostatic tissues and inked margins. 

Sections of basal prostatic tissue, including the adjacent 
attached proximal portion of seminal vesicles, are required 
to demonstrate direct tumor extension. Ideally, the sections 
should show continuity of the prostate base and seminal 
vesicle tissue. Of note, SVI is only considered present for 
staging purposes when the extraprostatic portion of the wall 
is involved. It is not necessary to submit the entire seminal 
vesicles. Submission of vas deferens including its margin 
is optional since cancer spread through this route is highly 
unusual. 

The macroscopic sectioning described above is complex 
and must be documented in a block legend. This can be done 
in words or diagrams that may be hand drawn or done with 
photography. The prostate tissue can also be laid out in an 


organized fashion on a plexiglass plate containing orienta- 
tion markers and photocopied for the record. 

Few institutions perform whole-mount processing of 
the prostate.°’’ Other than for aesthetics, proponents of this 
approach report ease in assessing tumor volume, focality, 
Gleason score in multifocal tumors, and identification of the 
index tumor. Further, locations of EPE and positive margins 
are easier to determine. However, whole-mount prostate sec- 
tioning is not cost-effective, is technically cumbersome, and 
requires special histology, and storage equipment. 


Specimen Reporting 


Detailed recommendations for reporting of prostate cancer 
specimens have been produced by CAP, RCPath, and RCPA, 
and more recently, the ICCR has developed a harmonized 
data set for the RP including both required and recom- 
mended elements. These guidelines, protocols, and data sets 
are updated on a regular basis, and the reader, depending on 
geographic location, should refer to the appropriate organi- 
zational website for the most current version. The specific 
pathologic elements such as tumor subtype, Gleason grading, 
tumor staging, and other morphologic prognostics factors are 
all covered in other sections of this chapter and Chapter 10. 
For convenience, the current checklist elements from CAP 
(web posting June 2012) for reporting NCB, TURP, and RP 
specimens are displayed in Tables 9-19 to 9-21. 


TREATMENT EFFECTS 


Diverse therapies are used to treat both BPH and adeno- 
carcinoma. Classic treatment options for prostate cancer 
consist of RP, antiandrogen (or hormonal) therapy, and RT. 
Hormonal and RT have well-known, often profound effects 
on the histologic appearance of benign prostate tissue and 
prostatic carcinoma.*”* 

The multimodality approach to treat prostate cancer 
patients at high risk for progression is gaining popular- 
ity. The strategies used can include the use of neoadjuvant 


Table 9-19 m IMPORTANT VARIABLES FOR 


REPORTING OF PROSTATE CANCER IN NEEDLE 
BIOPSIES 


1. Histologic type 

2. Histologic grade—primary (predominant), secondary 
(worst remaining), score 

3. Tumor quantitation—number of positive cores and total 
cores + % prostate tissue involved by tumor and/or total 
linear mm of carcinoma and total linear mm of core tissue 

4. Periprostatic fat invasion* 

5, SMP 

6. Lymphovascular invasion* 

ENIG 

8. Additional pathologic findings* 


*Documentation required if present. 
‘Optional. 
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Table 9-20 m IMPORTANT VARIABLES FOR 


REPORTING OF PROSTATE CANCER IN TUR 


OR ENUCLEATION SPECIMENS 
PROSTATECTOMY) 


1. Procedure TURP enucleation 

2. Specimen weight and size (enucleation) 

3. Histologic type 

4. Histologic grade—primary (predominant), secondary 
(worst remaining), score 

5. Tumor quantitation—% tissue involved by tumor 
(required); number of positive chips and total chips (TURP) 
and dimensions of tumor nodule (enucleation) are optional. 

6. Periprostatic fat invasion* 

7. Seminal vesicle invasion* 

8. Lymphovascular invasiont 

9. Perineural invasion? 

10. Additional findings" 


(SUBTOTAL 


*Documentation required if present. 
TOptional. 


(preoperative) hormonal and/or chemotherapy and a variety 
of adjuvant approaches including hormonal and external 
beam radiation.*! 

Interest in focal therapy for prostate cancer has recently 
been renewed owing to downward stage migration, improved 
biopsy and imaging techniques, and the prevalence of either 
unifocal cancer or a dominant cancer with secondary tumors 
of minimal malignant potential. Focal therapy aims to 
control long-term cancer without the associated morbidity 
that plagues all radical therapies and is emerging as an alter- 
native to active surveillance for the management of low-risk 
prostate cancer in carefully selected patients. Different 
energy modalities have been used to focally ablate cancer 
tissue, and available techniques include cryotherapy, inter- 
stitial laser thermotherapy, high-intensity focused ultrasound 
(HIFU), vascular-targeted photodynamic therapy (PDT), 
and microwave thermotherapy. 


Table 9-21 IMPORTANT VARIABLES FOR 


REPORTING OF PROSTATE CANCER IN RADICAL 
PROSTATECTOMY SPECIMENS 


1. Procedure 
2.Prostate size—weight, dimensions 
3. Lymph node sampling 
4. Histologic tyoe—VWW/HO 
5. Histologic grade—primary, secondary, tertiary, score 
6. Tumor quantification—% prostate involved by tumor and/ 
or greatest dimension of tumor nodule 
7. EPE—focal, nonfocal (required); site(optional) 
8. SVI 
9. Margin including site of positivity; extent margin 
positivity (optional) 
10. Treatment effect on carcinoma 
11. Lymphovascular invasion 
12 PNI 
13. Pathologic staging—TNM 
14. Additional pathologic findings * 


* Optional. 
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The pathologic examination of prostatectomy specimens 
after treatment shows a recognizable impact on morphology 
and immunohistochemistry of prostatic adenocarcinoma, and 
the characteristic morphologic signs of tumor regression may 
complicate the recognition and grading of treated tumors. 
The treatment effects may obscure residual carcinoma and 
make measurements of tumor extent and stage difficult. 
Pathologists play a central role in documenting the effects 
of these treatments on normal and malignant prostate tissue. 


Radiation Treatment 


RT for prostate cancer may be applied in the form of exter- 
nal beam, interstitial implantation (or brachytherapy), or 
a combination, as a mainstay or adjuvant (external beam) 
treatment in localized prostate cancer with curative intent. 
RP and RT have been proven to be effective for long-term 
survival and probable cure in the management of localized 
prostate cancer. 

Brachytherapy involves the implantation of radioactive 
seeds in the prostate and is used to treat clinically localized 
disease. External beam radiotherapy, including conformal 
and intensity modulated modalities, is more commonly 
used against locally advanced prostate cancer, and it is 
often combined with various forms of antiandrogen therapy. 
Radiosurgery using gamma knife and CyberKnife technol- 
ogy to deliver highly focused beams to selected targets while 
minimizing the damage to surrounding tissue is currently 
under development. 

Currently, our understanding of the mechanism of radi- 
ation-induced death of prostate cancer is limited. The pri- 
mary effect is the damage of endothelial cells, which causes 
ischemia that leads to atrophy. However, an increasingly 
recognized form of radiation-induced death is postmitotic 
apoptosis.” In this process, radiation damages the tumor 
cell’s DNA; the cell then divides prior to completing DNA 
repair, an event that is lethal. 

Although the significance of prostate biopsy status after 
the completion of radiotherapy as a predictor of outcome has 
been controversial,**** prostate needle biopsies performed 
in response to rising posttreatment PSA values are the most 
commonly encountered post-RT specimen and the only way 
to directly assess the effectiveness of radiation in eradicating 
local disease. 

Postradiation biopsy has been used as an independent 
predictor of outcome® and of subsequent biochemical 
disease-free survival.®! Patients with persistent tumor post- 
RT are more likely to demonstrate local disease progression 
and distant metastases and die of disease than those with a 
negative biopsy.°? ©” 

Postradiation biopsies will most commonly be performed 
18 to 24 months after the final RT treatment, because of the 
length of time required for the histologic clearance of tumor. 
After the confirmation of residual neoplasm, additional 
treatment may be considered such as androgen ablation or 
less frequently salvage prostatectomy. 
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The increased clinical interest in adjunctive therapy for per- 
sistent or locally recurrent prostatic cancer mandates accurate 
postirradiation biopsy specimen diagnosis. However, the inter- 
pretation of prostate needle biopsies after treatment such as RT 
may represent a diagnostic challenge with significant pitfalls, 
since the morphologic changes in prostate tissue obtained after 
RT, with or without additional changes induced by combined 
antiandrogen therapy, can be pronounced. In addition, post- 
radiotherapy prostate biopsies to detect persistent local dis- 
ease are subject to sampling error. Proper clinical information 
regarding the patient’s treatment history is important for the 
pathologist to accurately interpret post-RT biopsies. 

The effects of radiation on the prostatic tissue are vari- 
able and more severe and durable when delivered as seed 
implants (brachytherapy, either iodine or palladium) than by 
external beam and also vary with the dose and duration of 
the irradiation. The changes associated with RT may persist 
for years after the final radiation treatment. 

The interpretation of postirradiation prostate needle 
biopsy specimens is a diagnostic challenge for pathologists. 
The difficulty is multifactorial and includes separation of 
tumor from its mimics, identification of small foci of carci- 
noma, and separation of treatment effect in benign prostatic 
glands from recurrent or persistent carcinoma of the prostate. 


Effect on Benign Prostate 


Morphologic changes caused by radiation can vary markedly 
within each individual specimen and are often more marked in 
benign glands than in cancer.‘ The basic histologic changes 
in normal prostate tissue include variable degrees of glandu- 
lar atrophy with flattening of the secretory epithelium and 
prominence of basal cells, distortion of glandular contours, 
and decreased ratio of acini to stroma (Fig. 9-162). In some 
cases, the atrophic ducts and acini show a pseudoinfiltrative 


architecture, although individual glands show variable degrees of 
glandular atrophy with flattening of the secretory epithelium and 
prominence of basal cells, distortion of glandular contours, and a 
decreased ratio of acini to stroma. 


Figure 9-163 W Prostatic stroma surrounding atrophic 
glands frequently contains a sparse chronic inflammatory infiltrate. 


appearance similar to sclerotic atrophy. The stroma contains 
a sparse chronic inflammatory infiltrate (Fig. 9-163). These 
changes can be appreciated at scanning magnification. At 
intermediate magnification, the basal cells may display vacu- 
olated cytoplasm (Fig. 9-164), marked degenerative atypia 
with nuclear pleomorphism, hyperchromatic, smudged 
nuclei (Fig. 9-165), and prominent nucleoli (Fig. 9-166).°° 
Basal cell proliferation with prominent nucleoli is a common 
mimicker of irradiated carcinoma.‘ 

Other radiation associated changes include urothelial 
and squamous cell metaplasia and eosinophilic metaplasia. 
Squamous metaplasia may be commonly seen in cases where 
antiandrogen therapy has been combined with radiation. 

The stroma may be fibrotic (Fig. 9-167) or edematous 
with paucicellular scarring and occasional atypical fibro- 
blasts; stromal calcification has been reported, but hemosid- 
erin deposition has not.®” Vascular changes include intimal 
thickening and medial fibrosis with luminal narrowing and 
fibrous obliteration (Fig. 9-168). 
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9-164 E Basal cells 


FIGURE 
cytoplasm. 


may display vacuolated 
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Figure 9-165 W Basal cells may display marked degenerative 


atypia with nuclear pleomorphism, and hyperchromatic, smudged 
nuclei. 


Effect on Prostatic Intraepithelial Neoplasia 
and Prostate Cancer 


Prostate cancer is usually slow to regress, with histologic 
changes evolving for about 12 months after the completion 
of external beam RT; therefore, needle biopsy is of limited 
value prior to about 12 months. The appearance of adenocar- 
cinoma following RT can be highly variable, ranging from 
no obvious effects to alterations so profound that the affected 
glands and cells may be difficult to recognize as carcinoma. 

The prevalence and extent of HGPIN are diminished in 
biopsies performed after radiotherapy. However, HGPIN 
retains characteristic features of untreated PIN, including 
nuclear crowding, nuclear overlapping and stratification, 
hyperchromasia, and prominent nucleoli. Occasional cyto- 
plasmic vacuolization or sloughing of epithelium into the 
lumen has been reported.°°** 

The histologic appearance of prostate cancer without 
radiation effect is similar to that of prostate cancer before 
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Figure 9-166 E Prominent nucleoli may be seen in basal 
cells. 
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Figure 9-167 W Prostatic stroma may become fibrotic in 
response to radiation. 


therapy, and the diagnosis relies on both architectural and 
cytologic atypia. Radiation causes diminution in the num- 
ber of neoplastic glands (Fig. 9-169), shrinkage of cancer 
glands, and loss of cytoplasm: Glands appear as “collapsed” 
nests of cells or as single cells with small, often punctuate 
nuclei and inconspicuous nucleoli (Fig. 9-170). 

Marked treatment effects typically manifest as haphaz- 
ardly scattered glands or single cells with pale, voluminous 
foamy, or vacuolated cytoplasm; nuclei with smudged and 
distorted chromatin; minimal degrees of pleomorphism; and 
often inconspicuous nucleoli (Fig. 9-171). Nuclear pyknosis 
and desmoplasia are often present.®* The infiltrative growth 
appearance with haphazard arrangement of glands appreci- 
ated at low to intermediate magnification is the key to dis- 
tinguishing residual adenocarcinoma with treatment effect 
from benign prostatic glands with radiation-induced atypia 
(Fig. 9-172). In contrast to irradiated benign glands, nuclear 
pleomorphism is not common in prostate cancer with ther- 
apy effect (Fig. 9-173). 
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Figure 9-168 E Intimal thickening with luminal narrowing 
is acommon vascular change associated with RT. 
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Figure 9-169 W Prostate cancer with radiation-induced 
changes is characterized by reduction in number and shrinkage of 
neoplastic glands. 


PNI, intraluminal crystalloids, and blue mucin can be 
helpful in identifying residual malignancy. The cytologic 
changes of nuclear enlargement and prominent nucleoli 
are frequently seen in postradiation nonneoplastic prostatic 
acini, and therefore, these changes alone are not helpful in 
separating cancer from benign. 


Effect on Tumor Grade 


Recent studies have shown that the degree of postradia- 
tion effect may provide important prognostic information 
in patients with a positive biopsy.®*®° Since the histo- 
logic effects of systemic therapy on prostate cancer can be 
remarkable, the general opinion has been that treated pros- 
tate cancer should not be graded. However, Gleason score 
and degree of treatment effect in positive prostate biopsies 
2 year post-RT have been shown to be strongly predictive of 
long-term disease-free survival.!7 
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Figure 9-170 E Prostate cancer glands with marked cyto- 
plasm loss, punctuate nuclei, and inconspicuous nucleoli. 
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Figure 9-171 E Prostate cancer glands and single cells with 
pale, voluminous foamy cytoplasm; minimal degrees of pleomor- 
phism; and inconspicuous nucleoli. 


Some investigators have recommended grading of treat- 
ment effects in prostate specimens after radiotherapy, rec- 
ognizing that the biologic significance of grade may be 
different from that in untreated cancer. A 3-point scoring sys- 
tem for nuclear and cytoplasmic postradiation changes has 
been proposed but has not been universally applied. Briefly, 
nuclear and cytoplasmic changes are measured separately on 
a scale of 0 (no effect) to 3 (maximum effect) and then added 
together to obtain a combined score (range, 0 to 6). The com- 
bined scores of 0 to 2, 3 to 4, and 5 to 6 correspond to mini- 
mal, moderate, and marked radiation effect, respectively. 

Biopsies showing minimal degrees of treatment effect 
are the only category for which Gleason scores should be 
applied; such cases are associated with local failure rates 
in the range of 55%. Biopsies showing tumors with mod- 
erate treatment effects have local failure rates in the range 
of 30%. Prostate tumors showing marked treatment effect 
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Figure 9-172 W Prostate cancer showing an infiltrative 


growth appearance with haphazard arrangement of neoplastic 
glands. 
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Figure 9-173 E Nuclear pleomorphism is less common in 
prostate cancer with therapy effect (left) than in irradiated benign 
glands (right). 


in 24-month postradiation biopsies have 5-year disease-free 
survival rates similar to negative biopsies.! 

Gleason grading is inappropriate for tumors showing 
RT-related changes, since the therapy-related artifacts simu- 
late high-grade carcinoma. However, in situations where pros- 
tate cancer exhibits no, or little, treatment effect, a Gleason 
grade can be rendered, with a disclaimer that the tumor shows 
no evidence of or minimum treatment effect. 


Ancillary Studies (Immunohistochemistry, 
Others) 


Distinguishing single cancer cells with marked postradia- 
tion treatment effect from normal stromal cells with a clear 
cytoplasm or from histiocytes can be very difficult on H&E 
stains. In difficult cases, immunohistochemical staining with 
HMWCK or 34BE12 and/or p63 and racemase (AMACR) 
can be invaluable in confirming the presence of malignancy, 
since radiation effects do not change the staining pattern of 
these markers. PSA stain may be helpful in differentiating 
tumor cells from histiocytes. 

The immunohistochemical profile of irradiated benign 
glands is similar to that of nonirradiated benign glands but 
demonstrates a relative preponderance of HMWCK-positive 
basal cells and a paucity of PSA and PSAP-secretory acinar 
cells. 

Prostate cancer with or without RT effect is immunoreac- 
tive for PSA, PSAP, and CAM 5.2 and not for HMWCK.*”°! 


Hormones 


Androgen deprivation therapy (ADT) is one of the most 
popular forms of treatment for prostate cancer, and it may be 
achieved with castration (orchidectomy), exogenous estrogen 
administration, drugs with the capacity to deplete the hypo- 
thalamus of luteinizing hormone-releasing hormone (LHRH 
agonists), and antiandrogens.°”’ Antiandrogens can be subdi- 
vided in two main categories: drugs that block the conversion 
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of testosterone to its active form of 5a-dihydrotestosterone 
(i.e., finasteride, dutasteride) and drugs that block the AR on 
individual cells (i.e., flutamide). To achieve total androgen 
deprivation, the therapy should be effective in eliminating 
both testicular and adrenal hormones. These agents are used 
for treatment of BPH, for neoadjuvant or adjuvant treatment 
in clinically localized prostate cancer, and as a palliative 
measure in metastatic prostate cancer. 

Therapies targeting the androgen-dependent nature of 
prostate cancer are widely used and can have profound 
effects on the histologic appearance of both benign and 
malignant prostate tissues. The spectrum of characteristic 
changes associated with androgen ablation varies in relation 
to the agent(s), dose used, as well as duration of the therapy. 
Maximal androgen blockade (MAB), combining an LHRH 
agonist and a pure or nonsteroidal antiandrogen, induces sig- 
nificant morphologic changes in the prostate. Tumor volume, 
density, EPE, and surgical margin involvement are signifi- 
cantly reduced following such treatment.” Nonneoplastic 
and neoplastic prostatic tissue undergoes marked atrophy 
and shrinkage of the epithelium, as a result of apoptosis. 
Monotherapy using a variety of agents causes comparable 
but often less extensive changes. 


Effect on Benign Prostate 


Characteristic morphologic changes are present in normal 
tissue of more than 70% of prostate specimens following 
MAB. Following MAB, benign and hyperplastic prostatic 
acini are atrophic and collapsed, typically with prominent 
basal cell hyperplasia and epithelial cell vacuolization™ 
(Fig. 9-174). The altered epithelium displays involution, 
lobular and acinar atrophy, cytoplasmic clearing and vacuol- 
ization, nuclear and nucleolar shrinkage, and chromatin con- 
densation (Fig. 9-175). Decreased glandular elements are 
accompanied by increased, sometimes hypercellular, stromal 
tissue with scattered lymphocytic infiltrates (Fig. 9-176). 


Figure 9-174 E After ADT, benign prostatic acini are atro- 
phic and collapsed, typically with prominent basal cell hyperplasia 
and epithelial cell vacuolization. 
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Figure 9-175 W Benign prostatic epithelium displaying 
involution, lobular and acinar atrophy, cytoplasmic clearing, and 
vacuolization. 


Flattening and rupture of the epithelium of a variable 
number of benign prostatic glands with possible extrava- 
sation of prostatic secretion into the stroma has also been 
reported.™ Squamous metaplasia (Fig. 9-177) is not signifi- 
cantly increased with concurrent forms of ADT, but may be 
remarkable with estrogenic compounds and orchiectomy. 

Shrinkage of benign prostate by 5a-reductase inhibitors 
(finasteride) has been documented in multiple clinical stud- 
ies.”°>7°° The treated secretory cells display shrunken nuclei, 
condensed chromatin, inconspicuous nucleoli, cytoplasm 
clearing, and prominent basal cells. 


Effect on Prostatic Intraepithelial Neoplasia 
and Prostate Cancer 


Following hormone therapy, HGPIN may be significantly 
less extensive.’ However, the criteria used to identify 
HGPIN should be adapted because of the marked changes 
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Figure 9-176 W Prostatic tissue with decreased glandular 
elements accompanied by increased stromal tissue with scattered 
lymphocytic infiltrate. 
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Figure 9-177 W Atrophic prostatic acini may show squamous 
metaplasia. 
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of cell morphology. Undoubtedly, nucleolar prominence, 
which is the hallmark of HGPIN, is much less evident 
after hormone therapy. However, HGPIN still presents 
increased nuclear size, nuclear crowding, anisonucleosis, 
and disordered nuclear arrangements” (Fig. 9-178). The 
results of 5a-reductase inhibitor treatment on HGPIN are 
controversial. 

ADT substantially reduces the size of the nuclei and 
nucleoli (Fig. 9-179) and clears the cytoplasm of prostatic 
adenocarcinoma cells (Fig. 9-180). The most common 
architectural pattern change induced by androgen depriva- 
tion is a decrease in the size and density of the neoplastic 
glands (the so-called luteinizing hormone-releasing hormone 
[LHRH] effect). These changes are commonly associated 
with increased stroma between the dispersed small glands, 
small cell clusters, and single-file cells’!° (Fig. 9-181). 

Another less common pattern consists of branching clefts 
lined by few scattered tumor cells with pyknotic nuclei and 
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Figure 9-178 E Following hormone therapy, although less 
extensive HGPIN still presents increased nuclear size, nuclear 
crowding, anisonucleosis, and disordered nuclear arrangements. 
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Figure 9-179 E Afte 
oli of prostatic adenocarcinoma are reduced. 


degenerated tumor cells with foamy vacuolated cytoplasm 
(Fig. 9-182). Nuclei are small, round, hyperchromatic, and 
centrally located. The nucleoli may be large, but are usu- 
ally inconspicuous and the term “nucleolus-poor” clear cell 
adenocarcinoma has been applied. Large tumor cells with 
clear or vacuolated cytoplasm in a dense inflammatory lym- 
phohistiocytic background have been reported in cases with 
tumor necrosis and scanty residual tumor.”"! 

Ruptured malignant glands with mucin extravasation 
have been seen in up to 77% of cases, with mucin lakes 
occupying from <5% (Fig. 9-183) to as much as 100% of the 
tumor.’!” In such cases, the cells of neoplastic glands may be 
almost completely degenerate, leaving irregular acid muci- 
nous pools with rare cancerous cells (Fig. 9-184). 

Some patterns present difficulties in differentiating tumor 
from treatment-altered benign glands and lymphocytes, or 
cancer cells can become so inconspicuous as to pose a risk 
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Figure 9-180 E Prostatic adenocarcinoma showing abun- 
dant clear vacuolated cytoplasm and absence of glandular lumina. 
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FigurRE 9-181 E Prostatic adenocarcinoma with dispersed 
small cell clusters and single cells associated with increased stroma 
between them. 


of underdiagnosis (Fig. 9-185). Occasional cases after ADT 
display the “vanishing cancer phenomenon,” in which no 
residual cancer is found in the RP specimen. 

The changes induced by androgen deprivation with fin- 
asteride are less prominent than those seen with other forms 
of hormonal therapy and, in many instances, are not evident, 
but, when present, include tumor cells, vacuolization, small 
tumor glands separated by stroma, empty spaces, and an 
inflammatory response." 


Effect onTumor Grade 


The histologic effects of hormone therapy on prostate can- 
cer can be remarkable. Neoplastic glands are often shrunken 
and altered and there is increased stroma. There is general 
agreement that conventional Gleason grading should not be 
performed." 
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Figure 9-182 W Prostatic adenocarcinoma with prominent 
dissolution of neoplastic cells giving rise to branching clefts lined 
by scattered tumor cells with pyknotic nuclei. 
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Figure 9-183 E Rupture of prostatic adenocarcinoma glands 
with mucin extravasation. 


In cases showing marked treatment effect, Gleason score 
may be falsely increased (artifactual upgrading) and poten- 
tially misleading and is not recommended. In situations 
where prostate cancer exhibits none or little treatment effect, 
a grade can be rendered. In such cases, the Gleason grade 
can be reported with a disclaimer that the tumor shows no 
evidence of treatment effect. 


Effect on Tumor Stage and Surgical Margins 


Neoadjuvant hormonal therapy has been used to downstage 
tumors and decrease positive margin rates. Furthermore, 
shrinkage of the prostate gland could result in better defini- 
tion of the surgical planes, allowing more complete removal 
of the tumor. The degree of downstaging varies among 
different studies.” The effects of neoadjuvant hormonal 


Figure 9-184 E The neoplastic cells may be almost com- 
pletely degenerate, leaving irregular mucinous pools with rare can- 
cerous cells. 


Figure 9-185 E Sometimes, single cancer cells are widely 
scattered within lymphocyte-rich stroma resembling histiocytes. 


therapy have been more pronounced after 6 than after 
3 months of therapy. 

Particularly striking is the significant downstaging of 
prostate cancer following MAB, due to marked reduction 
of tumor size. By image analysis on histologic sections, 
tumor volume is decreased by approximately 44% after 
3 months of MAB compared to that of prostate glands not 
exposed to treatment.” In addition, tumor size and den- 
sity are significantly decreased, and stroma is increased in 
most patients after treatment.’!! No residual tumor has been 
found in totally embedded prostates in a percentage of cases 
(2% to 8%).714715 

Most studies have reported an overall 22% decrease of 
EPE and a statistically significant difference between sur- 
gically and hormonally treated patients.” 7! A 21% net 
improvement of margin involvement following MAB has 
been found in different studies.’ Although these findings 
are important, the influence of tumor downsizing after sev- 
eral months of neoadjuvant therapy on the prognosis of pros- 
tate cancer is still controversial," but most urologists are not 
currently using neoadjuvant hormonal therapy. 


Ancillary Studies (Immunohistochemistry, 
Others) 


The differential diagnosis of isolated cells or groups of 
tumor cells that have a benign appearances after therapy, 
from lymphocytes, histiocytes, and stromal fibroblasts, 
may be extremely challenging. PSA, PSAP, and pankeratin 
immunoreactivity, as well as the lack of basal cell-specific 
markers (34BE12 and p63) expression by prostatic cancer 
cell after therapy, may help in distinguishing cancer from 
its mimics. However, it is important to keep in mind that 
PSA, PSAP, and racemase expression decline following long 
androgen blockade therapy.” Most patients experience a 
drastic reduction of serum PSA as well as a marked decrease 
in PSA staining by immunohistochemistry.””! 
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Similarly, a marked decrease in AR expression has been 
seen after treatment in both normal glands and cancer 
cells. Keratin 34BE12 and p63 remain negative, regardless 
of the duration of treatment, confirming an absent basal 
cell layer. 


Cryotherapy 


Percutaneous perineal cryoablation of the prostate is a prom- 
ising technique in the treatment armamentarium for clini- 
cally localized prostate cancer and for localized recurrent 
prostate cancer after RT. Although preliminary results are 
encouraging, the effectiveness of cryoablation in the treat- 
ment of prostate cancer is still unknown, and the method is 
used only in selected patients. 

Cryosurgical ablation refers to rapid deep freezing of 
the prostate. Multiple cryoprobe needles filled with circu- 
lating liquid nitrogen transform the prostate gland into an 
ice ball, resulting in tissue destruction and death of benign 
and malignant cells.°*° The liquid nitrogen does not come in 
contact with the tissue. The flow of liquid nitrogen through 
the probes can be adjusted to obtain a desired freezing 
pattern. 

Given the focal nature of these treatments, the histologic 
changes are most likely to be confined to the areas targeted 
for treatment. 


Effect on Benign Prostate 


Postcryosurgery prostate tissue shows typical features 
of repair, including marked stromal fibrosis (Fig. 9-186) 
and hyalinization (Fig. 9-187), hemosiderin deposition 
(Fig. 9-188) and/or stromal hemorrhage (Fig. 9-189) inflam- 
mation, and squamous metaplasia.”° Coagulative necrosis 
(Fig. 9-190) is present between 6 and 30 weeks from therapy, 
followed by patchy chronic inflammation. Dystrophic calci- 
fication is infrequent and usually appears in areas with the 


Figure 9-186 W Prostate biopsy after cryotherapy showing 
marked stromal fibrosis. 
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FIGURE 
marked hyalinization. 


9-187 E Postcryosurgery prostate tissue shows 


greatest reparative response. As the postoperative interval 
increases, biopsy specimens are more likely to contain unal- 
tered benign prostatic tissue. 

The correlation between the histopathologic effects of the 
above therapies and their clinical significance is not abso- 
lutely clear. 


Effect on Prostatic Intraepithelial Neoplasia 
and Prostate Cancer 


Atypia and HGPIN are not seen in areas that otherwise show 
changes of postcryoablation therapy. Biopsies after treat- 
ment may reveal no evidence of residual tumor, even in some 
patients with elevated PSA. Ghosts of malignant cells may 
be appreciated in areas showing coagulative necrosis. 

In some cases, the benign prostate and the prostate can- 
cer after cryoablation show no change in grade or definite 
evidence of specific tissue response (Fig. 9-191), raising the 
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Figure 9-188 E Prostate needle biopsy core showing fibrosis, 
and hyalinization, as well as hemosiderin deposition. 
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Figure 9-189 E Stromal hemorrhage can occasionally be 
present. 


possibility either that these areas were inadequately frozen 
or that the treatment was ineffective. 

In prostate specimens removed after cryotherapy, pathol- 
ogists should comment on the presence of residual tumor 
and whether it appears viable, although, there is no definitive 
method to assess viability post-cryoablation. 


Effect on Tumor Grade 


There is no consensus regarding grading prostate cancer 
after cryoablation therapy, and most pathologists report 
Gleason grade. 


Ancillary Studies (Immunohistochemistry, 
Others) 


PSA and PSAP expression persist in benign and malignant 
epithelium. Cytokeratin 34BE12, p63, and racemase expres- 
sion are unaffected in areas with preserved cellularity and 
are of diagnostic value in separating treated prostate cancer 
and its mimics. 


o 


Figure 9-190 E Coagulative necrosis showing ghost tumor 
cells. 
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noma with no definite evidence of specific tissue response. 


High-Intensity Focused Ultrasound 


HIFU was introduced 15 years ago for the treatment of 
nodular hyperplasia.”' This technique is minimally invasive, 
requires less anesthesia, involves a shorter recovery period 
than surgery, and can be performed in a day surgery setting, 
making it an attractive potential option for the treatment of 
localized prostate cancer.” Many studies have been per- 
formed to evaluate the use of HIFU for low-grade, localized 
prostate cancer; HIFU has also been used as salvage ther- 
apy after failed radiation. While HIFU appears to provide 
acceptable short-term local control, it has not been approved 
as a primary therapy for prostate cancer in the Unites States. 

HIFU is a noninvasive method of delivering ultrasonic 
energy with resultant heat and tissue destruction to a dis- 
crete point without damaging intervening tissue or cells in 
the immediate vicinity of the focal area.”*-”* When applied 
for the treatment of localized prostate cancer, it uses an ultra- 
sound transducer placed in the rectum to generate acoustic 
energy that is focused on the tissue target, creating high tem- 
peratures and coagulative necrosis.%*” 

HIFU uses a trackless approach, whereby tissue outside 
the focal plane is not damaged; the transrectal probe sits on 
the rectal mucosa and sends acoustic energy through the 
intervening tissues, only heating the tissue volume targeted 
by the probe.” The probe is repositioned mechanically as 
needed to target the entire prostate. An automatic cooling 
device is used during treatment to maintain a constant base- 
line temperature of <18°C in the transrectal probe, which 
helps to prevent thermal injury of the rectal mucosa.” 

HIFU destroys target tissue through the thermal and 
mechanical effects of nonionizing, acoustic radiation (i.e., 
sound waves). The thermal effects are achieved by an intense 
heat impulse (80°C to 200°C) leading to immediate protein 
denaturation and subsequent cell death. Significant mechani- 
cal effects include cavitation, microstreaming, and radiation 
forces.”** Cavitation is the creation of movement of gas in an 
acoustic field: As the tissue compresses and expands with expo- 
sure to the acoustic waves, gas is extracted creating bubbles. 
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The bubbles begin to oscillate violently, collapse, and disrupt 
cell membranes. Microstreaming refers to the rapid movement 
of liquid outside an oscillating bubble generated through cavi- 
tation forces. Radiation forces are the pressures tissues endure 
when either absorbing or reflecting sound waves. 

The high temperature also induces the creation and 
release of chemically reactive free radicals, responsible for 
the induction of apoptosis and activity on nuclear DNA. 


Effect on Benign Prostate 


The precise histologic changes seen on post-HIFU biopsies, 
TURP, or RP specimens have not been systematically evalu- 
ated. The earliest studies focused on HIFU-induced acute 
tissue damage, manifested as areas of sharply delineated 
intraprostatic coagulative necrosis, reliably demonstrable 
as early as 1 to 2 hours after the procedure.” Vacuolized 
cytoplasm, ruptured cell membranes, and destroyed cellular 
organelles as signs of definitive cell death have been routinely 
observed in treated tissues regardless of their structure.” 
Careful histologic examination within the area of coagula- 
tive necrosis has revealed no remnant viable cells that could 
potentially escape the therapeutic effect of HIFU.”! 

Recent studies have reported acute and chronic inflamma- 
tion, glandular atrophy, hemosiderin deposition, focal coagu- 
lative necrosis, dense stromal fibrosis, and edema in benign 
tissue after HIFU treatment.°””” 


Effect on Prostate Cancer 


In areas of viable tumor, there appear to be no post-HIFU 
histologic changes that would preclude the use of Gleason 
scoring.67.72 

The pathologist must be aware of any history of pre-HIFU 
antiandrogen therapy that may have been used to shrink the 
gland prior to treatment, in which case Gleason scoring may 
not be applicable. 


Ancillary Studies (Immunohistochemistry, 
Others) 


Immunoperoxidase staining for cytokeratin 34BE12, p63, 
and racemase (AMACR) is unaffected in areas with pre- 
served cellularity.°””* 


Photodynamic Therapy, Interstitial Laser 
Thermotherapy, and Microwave Thermotherapy 


The high prevalence of low-risk disease together with an 
inability to accurately identify men harboring more aggres- 
sive prostate cancers has led to tremendous research in low- 
morbidity focal therapies for prostate cancer. 

A promising technique, currently in clinical trials, is 
vascular-targeted PDT, which has been used for whole gland 
ablation of locally recurrent cancer after radiotherapy and, 
more recently, for focal ablation of previously untreated can- 
cer.°*> PDT uses a light-sensitive agent (photosensitizer) that 
is activated in the prostate by low-power laser light, delivered 
using optical fibers. The fibers are placed within needles in the 
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prostate, guided by TRUS and a perineal template. Following 
the activation of the photosensitizer by light and the forma- 
tion of reactive oxygen species, necrosis occurs at the site of 
interaction between the photosensitizer, light, and oxygen.” 
This technique does not heat the prostate but destroys the 
endothelial cells and cancer by activating the photodynamic 
agent. Damage to surrounding structures appears to be lim- 
ited and can be controlled by the duration and intensity of the 
light. Vascular-targeted PDT involves the intravenous admin- 
istration of a bacteriochlorophyll-derived pharmacologically 
inactive photosensitizer (WST-09 Tookad, STEBA Biotech, 
the Netherlands, and WST-11 Stakel, STEBA Biotech) that 
absorbs light in the visible near-infrared wavelength with 
maximum light energy absorption at 763 nm.°” This long 
light absorption wavelength allows for better light penetration 
into tissues, resulting in thrombosis and vascular coagulation 
around the tip of the optic fiber with subsequent localized tis- 
sue necrosis within the prostate.“* The areas of damage are 
characterized by well-demarcated areas of fibrosis; less fre- 
quently organizing granulation tissue or coagulative necrosis 
is noted. Areas of viable adenocarcinoma located immediately 
adjacent to the foci of damage show no obvious morphologic 
changes that would preclude the use of Gleason scoring.*” 
Thermal therapy is used to kill tumors by heating them to 
temperatures in the range of 50°C to 55°C for an extended 
period of time (5 to 15 minutes). Cell death results from 
thermal coagulation. Tissue necrosis and destruction of 
the prostatic urethra have been identified in RP specimens 
obtained 1 week after microwave therapy.” The energy 
sources available for this approach include radiofrequency 
electrodes, microwave antennas, laser fiberoptics, and ultra- 
sound transducers. Each of these modalities has the potential 
to be delivered in a minimally invasive manner.” Thermal 
and thermal-ablative procedures for treating prostate cancer 
have been investigated systematically since approximately 
1980. Various technologies have been used, including trans- 
urethral ablation of prostatic tissue using laser or microwave 
energy, interstitial application of laser or microwave energy, 
and inductive heating of previously implanted thermoseeds 
or injected magnetic nanoparticles in a magnetic field. 
Interstitial laser thermotherapy has been performed using 
laser fibers for photothermal energy. Laser fibers are inserted 
into the prostate by the perineum and placed at the periphery 
of the tumor zone to ensure its complete destruction. Magnetic 
resonance imaging guidance is used to confirm proper place- 
ment of the fibers and to obtain real-time temperature moni- 
toring during treatment.’ The procedure time requires 20 to 
30 minutes, heating the tissue to 90°C.™* The areas targeted 
for therapy showed well-demarcated foci of necrosis, sur- 
rounded by a small rim of hemorrhage. Viable carcinoma in 
untreated areas of the gland shows no obvious morphology 
changes that would preclude assigning Gleason scores.°” 


Chemotherapy 


Chemotherapy has traditionally been reserved for hormone- 
refractory metastatic disease and is often used as a palliative 
measure in combination with corticosteroids or hormonal 
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agents. During the past decade, the role of chemotherapy in 
the management of advanced prostate cancer has evolved. 
An increasing numbers of patients with prostate cancer are 
being treated with chemotherapy, in either a neoadjuvant 
manner or as second- or third-line therapy for metastatic 
cancer. The agents used include, but are not limited to, mito- 
xantrone, etoposide, cisplatin, vinblastine, estramustine, 
paclitaxel, docetaxel, and everolimus. 

A palliative benefit has been reported using the combina- 
tion of mitoxantrone and prednisone in symptomatic patients 
with advanced disease.”* Other antineoplastic agents have 
also been evaluated, with emphasis on agents that target the 
nuclear matrix and microtubular function.” Of these, the 
taxanes (paclitaxel, docetaxel) have emerged as a highly active 
class of antineoplastic agents in advanced prostate cancer.™! 

Although the use of neoadjuvant hormonal therapy has 
been reported to improve the negative surgical margin 
rate, randomized clinical trials have failed to demonstrate 
a relapse-free survival or overall survival benefit with this 
regimen. 1278 

There is little information on the effect of these agents 
on the morphology of nonneoplastic and neoplastic pros- 
tatic tissue.” No histologic patterns as distinct as those 
described for radiation or ADT have been consistently asso- 
ciated with specific chemotherapy regimens. 


Effect on Benign Prostate 


Some of these agents have essentially no effect on normal 
prostate tissue when given in a neoadjuvant setting prior 
to RP. In patients treated with neoadjuvant docetaxel, most 
benign prostatic glands show prominent basal cells and uro- 
thelial metaplasia.“ 


Effect on Prostate Cancer 


Histologic changes in prostate tumor cells treated with 
neoadjuvant docetaxel include cytoplasmic vacuolization 
(Fig. 9-192) and/or clear cell change, luminal needle-like 


Figure 9-192 E Prostate tumor cells treated with neoadju- 
vant docetaxel showing prominent cytoplasmic vacuolization. 
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Figure 9-193 E Luminal needle-like crystalloid structures 
after neoadjuvant docetaxel treatment. 


crystalloid structures (Fig. 9-193), dense intraluminal secre- 
tions, and cribriform glands with central necrosis.“ 

In a recent systematic review of 50 high-risk prostate can- 
cers treated with neoadjuvant docetaxel and mitoxantrone, 
O’Brien et al.” evaluated RP specimens and observed at 
least one of the following distinctive histologic patterns: 
intraductal growth pattern, prominent cytoplasmic vacuol- 
ization (Fig. 9-194), cribriform architecture (Fig. 9-195), 
inconspicuous collapsed glands, and small inconspicuous 
tumor cells. Although a few specimens exhibited changes in 
the preneoadjuvant therapy biopsy that were similar to the 
histologic changes seen in the corresponding RP, IDC was 
detected in 20% of prostatectomy specimens but in none of 
the pretreatment biopsy specimens. 

Cribriform pattern and intraductal growth were also 
detected in half of the RP specimens obtained from 
patients with high-risk prostate cancer treated with pre- 
operative androgen ablation, alone or in combination with 
chemotherapy.” 
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Figure 9-19 
cytoplasmic vacuolization in high-risk prostate cancer treated with 
neoadjuvant docetaxel. 
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architecture in high-risk prostate cancer treated with neoadjuvant 
docetaxel. 


Effect onTumor Grade 


Preoperative androgen ablation and chemotherapy affect 
tumor architecture to render the Gleason score of post ther- 
apy specimens nonrepresentative of the disease and there- 
fore not useful for assessing prognosis. 

A recent histologic classification has been proposed 
categorizing pretreated prostate cancer in three morpho- 
logically distinct groups: group A, tumor characterized by 
a predominance of cell clusters, cell cords, and isolated 
cells; group B, tumors characterized by intact and fused 
small glands; and group C, tumors with any degree of 
cribriform growth pattern or intraductal tumor spread.’ 
If validated, this classification may introduce uniformity in 
the assessment of treatment effect and may provide a new 
prognostic tool for prostate tumors treated with neoadju- 
vant therapy. 
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Other Tumors of the Prostate Gland and Tumors 
of the Seminal Vesicle 


OTHER TUMORS OF THE PROSTATE GLAND | 


Adenosquamous and Squamous Cell Carcinoma 
Clinical Features 


These are very rare tumors with approximately 55 cases of 
pure squamous cell and 30 cases of adenosquamous cell 
carcinoma reported. Risk factors include prior radiation or 
hormonal therapy, previous history of prostate cancer, and 
rarely genitourinary schistosomiasis. However, de novo 
cases without prior history of cancer have been reported. 
The mean age of diagnosis is 64 years. Patients usually pres- 
ent with obstructive symptoms and sometimes hematuria. 
While increased prostate-specific antigen (PSA) and acid 
phosphatase levels is seen more commonly with adeno- 
squamous in comparison to pure squamous cell carcino- 
mas, normal levels are not uncommonly present even with 
advanced disease.! 


Pathology 


Pure squamous cell carcinoma of the prostate is indistinguish- 
able from squamous carcinoma at other sites. Adenosquamous 
carcinoma may show an intimate mixture of prostatic acinar 
adenocarcinoma and squamous cell carcinoma (Fig. 10-1). 
Alternatively, the two components may be more anatomically 
distinct with squamous cell carcinoma seen in one area of the 
specimen and acinar adenocarcinoma in another. The extent 
of adenocarcinoma varies from 5% to 95% and tends usually 
to be higher grade tumors with a Gleason score of 7 or higher. 
The degree of differentiation within the squamous component 
can also range from well to more poorly differentiated.’ 


Differential Diagnosis 


Primary prostatic squamous cell carcinomas must be distin- 
guished on clinical grounds from secondary involvement of 
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the gland by bladder, urethral, or anal pure squamous cell 
carcinomas. Histologic distinction between those entities is 
extremely difficult and generally requires clinicopathologic 
correlation. A more common scenario is secondary invasion 
by a urothelial carcinoma with squamous differentiation, 
and in that regard, features that are most consistent with 
secondary urothelial carcinoma with squamous differentia- 
tion rather than a prostatic primary tumor include (1) the 
presence of a component of usual-type invasive urothelial 
carcinoma, (2) associated glandular (nonprostatic-type) dif- 
ferentiation, (3) associated urothelial carcinoma in situ or 
urothelial papillary tumor in the bladder lining. Also, squa- 
mous cell carcinoma of the prostate must be differentiated 
from squamous metaplasia adjacent to a prostatic infarct. 
In transurethral resections and enucleations, the localized 
lobular nature of infarcts with the organization from cen- 
tral necrosis and reactive urothelial/squamous islands at the 
periphery is diagnostic. On needle biopsy, the overall archi- 
tecture cannot be as easily appreciated. Although the squa- 
mous/urothelial nests in an infarct usually lack cytologic 
atypia, prominent atypia and increased mitotic activity may 
occasionally be seen. The recognition of adjacent infarcted 
tissue or the presence of stromal hemorrhage and hemosid- 
erin deposition in the areas adjacent to the infarct is helpful 
in arriving at the correct diagnosis. 

Lastly, squamous changes in benign prostatic tissue 
following hormonal therapy can be distinguished from car- 
cinoma due to the bland cytological characteristics and the 
absence of invasive features. 

At the immunohistochemical level, while cells in the 
squamous cell carcinoma component are usually totally 
negative for prostatic markers (prostate-specific acid phos- 
phatase [PSAP], PSA, prostate-specific membrane antigen 
[PSMA], prostein) and positive for p63, HMWK, CK5/6, 
CK14, the glandular component of the adenosquamous cell 
carcinoma show the opposite pattern of staining.' 
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Figure 10-1 E A: Adenosquamous carcinoma of the prostate. Poorly differentiated adenocarcinoma component is at the far left. 
B: Adenosquamous carcinoma of the prostate with PSA staining of adenocarcinoma yet negative immunoreactivity in squamous carcinoma 


component (center bottom). 


Prognosis and Treatment 


Primary prostatic squamous cell carcinomas have a poor 
prognosis, with poor response to hormonal therapy, radia- 
tion therapy, and chemotherapy. Radical prostatectomy con- 
stitutes the only chance of cure, although the majority of 
cases present with advanced disease.’ Metastases occur in a 
third of cases, most commonly to bone and lung. Squamous 
cell carcinomas develop osteolytic rather than osteoblastic 
metastases and do not respond to antiandrogen therapy. 


Sarcomatoid Carcinoma 
Introduction 


Some authors restrict the term “carcinosarcoma” for tumors 
with carcinoma and specific mesenchymal differentiation 
(1.e., cartilage or osteoid), and designate tumors with only an 
associated nonspecific malignant spindle cell pattern as “sar- 
comatoid carcinoma.” Given the similar prognosis between 
these two morphologies and the finding of epithelial differ- 
entiation by immunohistochemistry or electron microscopy 
in the spindle component of some “carcinosarcomas,” it is 
preferable to consider these lesions as one entity.* 


Clinical Features 


Sarcomatoid carcinomas of the prostate are rare with only 
approximately 100 cases and few reported series.” Prior 
history of prostatic adenocarcinoma is present in about half 
of cases in whom the sarcomatous component develops 
at a mean of 7 years later (range = 6 months to 16 years). 
Radiotherapy and/or hormonal therapy are thought to play a 
role in the development of sarcomatoid carcinoma as some 
patients have received these treatment modalities prior to the 
growth of the sarcomatoid component. This being said, sar- 
comatoid carcinoma may also arise de novo without prior 
history of adenocarcinoma or previous treatment. Mean age 


at diagnosis is 70 years, and the majority of patients pres- 
ent with obstructive urinary symptoms or metastatic disease 
rather than by being detected by needle biopsy following 
an increase in serum PSA levels or abnormal digital rectal 
examination. PSA serum levels may be normal or elevated. 


Pathology 


Gross findings are often not appreciable as the specimens are 
typically needle biopsies or transurethral resections. However, 
tumors removed by radical prostatectomy may resemble sar- 
comas and present as large white to yellow-tan tumors with 
necrosis and hemorrhage and fish flesh appearance. 

The overall histology shows one of the following three 
patterns: (1) intimate admixture of carcinoma and sarcoma- 
toid carcinoma with nonspecific spindle cell morphology, this 
being the most common type, (2) carcinoma admixed with sar- 
comatous component showing heterologous differentiation, 
and (3) pure spindle cell tumor. The epithelial component of 
carcinosarcoma is either moderately or poorly differentiated 
adenocarcinoma, usually acinar but occasionally ductal, small 
cell, adenosquamous, or basal cell carcinoma. The acinar ade- 
nocarcinoma component is often high-grade (Gleason score 8 
to 10). The spindle cell component commonly is undifferenti- 
ated, or shows chondroid or osteoid differentiation (Figs. 10-2 
to 10-4). Less commonly, the spindle component differenti- 
ates toward rhabdomyosarcoma, leiomyosarcoma, or angio- 
sarcoma (Fig. 10-5) and shows variable immunoreactivity for 
vimentin, desmin, actin, smooth muscle actin (SMA), and 
S100 protein. Typically, the spindle component is negative 
for prostatic markers (PSA, PSAP, PSMA, p501s) but may be 
focally positive. Low molecular weight cytokeratin is virtu- 
ally always positive although its reaction with other keratin 
antibodies (PAN-CK, HMWK, CK5/6) is seen in only half of 
the cases. Vimentin is positive.’ Electron microscopy of the 
sarcomatoid areas may reveal desmosomes. 
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Figure 10-4 E Sarcomatoid carcinoma with chondrosarcoma 
component. 


Figure 10-2 E Sarcomatoid carcinoma with ductal adeno- 
carcinoma (right) and undifferentiated malignant spindle cell 
component (left). 


diffuse staining is not seen. As a general rule, keratin 
positivity within the spindle cell component of a lesion, 
which lacks the typical morphology of one of the sarcomas 
that can express keratin, is diagnostic of sarcomatoid carci- 


Differential Diagnosis 
The main differential diagnoses are the following: 


(1) Primary sarcoma of the prostate: This occurs in sarcoma- 


toid carcinomas in which the epithelial component is focal 
or absent. The most common prostatic sarcomas are stro- 
mal sarcomas and leiomyosarcomas. In general, extensive 
sampling and demonstration of an associated epithelial 
component is consistent with sarcomatoid carcinoma rather 
than sarcoma. It should be mentioned, however, that stro- 
mal sarcoma can have an associated epithelial component 
in the subtype called “phyllodes-like”; however, the epi- 
thelial component is benign in these tumors. Also, stromal 
sarcomas are keratin-negative and express CD34 and 
progesterone receptor (PR). Leiomyosarcomas may, how- 
ever, occasionally show focal keratin positivity, although 


(2) 


noma. For example, the sarcomatous component in sarco- 
matoid carcinoma typically consists of a haphazard array 
of malignant spindle cells, as opposed to the intersecting 
parallel bundles of malignant smooth muscle cells seen in 
leiomyosarcoma. High molecular weight cytokeratin and 
CK5/6 are two of the better keratins to utilize in this regard. 


Inflammatory myofibroblastic tumor (IMT): Features 
that are distinctive from sarcomatoid carcinoma include 
the tissue culture—like appearance, the typical granula- 
tion tissue—type vascularity and associated inflammatory 
cells, the lack of nuclear pleomorphism, and hyper- 
chromasia. A further pitfall is that IMTs are positive 


Figure 10-3 E Sarcomatoid carcinoma with acinar adenocarci- 
noma (right) and undifferentiated sarcomatoid component consisting 
of malignant giant cells (eft). 


Ficure 10-5 E Sarcomatoid carcinoma with adenocarcinoma 
and rhabdomyosarcoma components. 
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for keratin and may express SMA. Approximately two- 
thirds of IMTs are positive for ALK1, which is diagnos- 
tic of IMT. One should, however, be aware of several 
atypical morphologic features that can be seen in IMT 
in order not to overdiagnose them as sarcoma or sar- 
comatoid carcinoma. Those include hypercellularity, 
infiltrative pattern of growth, necrosis, and increased 
mitotic activity, although atypical mitotic figures are 
not seen. 


(3) Gastrointestinal stromal tumor (GIST): Rarely those 
tumors secondarily involve the prostate and are com- 
posed of uniform spindle cells with palisading and 
perinuclear halos, without the pleomorphism of sarco- 
matoid carcinoma. GISTs are keratin negative and posi- 
tive for CD117, DOG-1, and CD34. 


Prognosis and Treatment 


Sarcomatoid carcinomas have an aggressive clinical course 
and a dismal prognosis with an actuarial risk of death at 
1 year up to 20% and 14% survival rates at 7 years postdi- 
agnosis. Metastatic lesions may be purely glandular, mixed 
carcinosarcomatous, or purely sarcomatous. The treatment 
is the same as for usual acinar adenocarcinoma of the pros- 
tate. However, current therapies, including multimodal 
approaches, remain ineffective and not standard. 


Neuroendocrine Differentiation in Acinar 
Prostatic Adenocarcinoma 


Even in ordinary adenocarcinomas of the prostate without 
light microscopic evidence of neuroendocrine differentia- 
tion, between 30% and 100% show neuroendocrine differ- 
entiation when evaluated with immunohistochemistry for 
multiple neuroendocrine markers. These cells may react with 
antibodies to chromogranin, serotonin, adrenocorticotropic 
hormone (ACTH), calcitonin, human chorionic gonadotro- 
pin, neuron-specific enolase, somatostatin, leuenkephalin, or 
beta-endorphin.® The vast majority of these cases have no 
clinical evidence of ectopic hormonal secretion. 

Androgen-deprivation therapy is associated with an 
increased number of neuroendocrine cells.’ It is suggested that 
growth-promoting neuropeptides elaborated by the neuroen- 
docrine cells sustain the growth of the nonneuroendocrine 
carcinoma cells in an androgen-deprived environment. '™!? 
Furthermore, androgen depletion may lead to transdifferen- 
tiation of carcinoma cells into androgen receptor negative, 
apoptosis-resistant (bcl-2 positive) neuroendocrine cells." 

It is controversial whether neuroendocrine differentia- 
tion in typical adenocarcinomas worsens prognosis, with 
some studies suggesting a correlation®!>!° yet most oth- 
ers showing no effect of neuroendocrine differentiation on 
outcome.'”'* Currently, in accordance with the College of 
American Pathologists Consensus Statement 1999, neuro- 
endocrine differentiation remains a category III prognostic 
factor together with other factors not sufficiently studied to 
demonstrate their prognostic value.'® 
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Adenocarcinoma with Paneth Cell—Like 
Neuroendocrine Differentiation 


In histologically typical adenocarcinomas of the prostate and 
occasionally in high-grade prostatic intraepithelial neoplasia 
(HGPIN), basally located deeply eosinophilic fine cytoplas- 
mic granules can be identified that are chromogranin positive 
and contain neurosecretory granules by electron microscopy 
(Figs. 10-6 and 10-7). The term Paneth cell-like has been 
used to describe these eosinophilic neuroendocrine cells.”° 
Paneth cell-like neuroendocrine differentiation in prostatic 
adenocarcinoma can be seen as either patchy isolated cells or 
diffusely involving glands or nests.” Despite the cells’ bland 
histologic appearance, strictly applying the Gleason grad- 
ing system one would assign a Gleason pattern 5 to Paneth 
cell-like foci with no glandular formation (Fig. 10-8). It has 
been shown that such grade assignment does not reflect the 
clinical behavior in these cases. It is therefore recommended 
that Gleason grading in such tumors be assigned only to the 
areas of conventional adenocarcinoma. If the entire tumor 
consists of sheets, cords, or nests with Paneth cell-like neu- 
roendocrine differentiation, then a Gleason score should not 
be assigned and a comment to the generally favorable prog- 
nosis of these lesions could be provided.”! 


Carcinoid Tumor 


The majority of lesions reported as “carcinoid tumors” of the 
prostate are merely prostatic adenocarcinomas with neuroen- 
docrine differentiation. Almost all such cases have been posi- 
tive with antibodies for PSA and PSAP and have clinically 
behaved like ordinary prostate carcinomas. True carcinoid 
tumors of the prostate with negative immunoreactivity for 
PSA and PSAP and otherwise typical carcinoid tumor mor- 
phology and immunoprofile are extremely rare (Fig. 10-9). 77 


Small Cell Carcinoma 
Clinical Features 


Although the prostate is one of the most common sites of 
extrapulmonary small cell carcinoma, prostatic small cell 
carcinoma is rare, comprising 0.5% to 2% of all prostatic 
carcinomas. In the largest series of prostatic small cell carci- 
noma, there was a prior diagnosis of usual adenocarcinoma 
of the prostate in 42% of cases.” The median time inter- 
val between the diagnosis of prostate cancer and small cell 
carcinoma in this study was 25 months with some patients 
having had a prior history of hormonal therapy. The mean 
age at presentation is 69 years, and typically patients pres- 
ent with a rapid onset of urinary tract obstruction. Although 
most cases lack clinically significant hormonal production, 
some patients present with paraneoplastic symptoms such 
as ACTH or ADH overproduction or Eaton-Lambert syn- 
drome. Serum PSA levels are variable, and typically are nor- 
mal. A classic scenario is that patients have very elevated 
serum PSA levels with metastatic disease and then the PSA 
levels fall indicating the onset of a small cell component. 
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FiıGuRE 10-7 E Prostatic adenocarcinoma with Paneth cell— 


Figure 10-6 @® High-grade prostatic intraepithelial neoplasia like neuroendocrine change 


with Paneth cell-like neuroendocrine change. 


Figure 10-8 E A: Prostatic adenocarcinoma with lack of glandular differentiation showing Paneth cell-like neuroendocrine change. 
B: Strong immunostaining for chromogranin in prostatic adenocarcinoma with Paneth cell-like neuroendocrine change. 
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Figure 10-9 E (Continued) C: Carcinoid tumor of the prostate positive for chromogranin. D: Carcinoid tumor of the prostate negative 


for PSA. 


Pathology 


Prostatic and pulmonary small cell carcinomas share the same 
morphologic features.” Classic “oat cell” morphology con- 
sists of tumor cells with scant cytoplasm and round, oval, or 
spindled nuclei usually smaller than three times the size of lym- 
phocytes with fine granular chromatin, and absent or incon- 
spicuous nucleoli, which is the histology seen in two-thirds 
of prostatic small cell carcinomas (Figs. 10-10 and 10-11). 
The remaining cases are of the “intermediate cell” vari- 
ant with slightly more cytoplasm and more visible nucleoli 
(Fig. 10-12). When diagnosing small cell carcinoma in 
the prostate, morphologic subtyping is not recommended 
and both subtypes are reported as “small cell carcinoma” 
as it has been demonstrated that in the lung these two types 
are clinically indistinguishable.*4 Other features not typically 
associated with small cell carcinoma, including Indian file for- 
mation, giant cells with degenerative atypia, vacuolated cells, 
and desmoplasia, are seen in a minority of prostatic cases.7*?° 


Figure 10-10 Æ Small cell carcinoma of the prostate. 


Pure small cell carcinoma is seen in about one-half of cases 
with the remaining cases being admixed with prostate adeno- 
carcinoma. In cases with adenocarcinoma, there is a sharp 
demarcation between small cell carcinoma and adenocarci- 
noma in about 20% of cases with the remaining cases show- 
ing a gradual merging of the two components (Fig. 10-13). 
Typically the associated acinar adenocarcinoma component is 
high-grade (Gleason score 8 to 10). 

The vast majority (88%) of small cell carcinomas are pos- 
itive for at least one neuroendocrine marker. In the small cell 
carcinoma component, 19% are positive for PSA, 28% for 
prostein (P501s), and 25% for PSMA, although often very 
focally. Although P501s and PSMA are better than PSA in 
identifying the prostatic origin of small cell carcinoma, the 
majority (60%) of prostatic small cell carcinomas are nega- 
tive for all three markers. Stains for TTF are positive in about 
one-half of cases. Basal cell (p63, HMWK) and androgen 


Figure 10-11 E High magnification of small cell carcinoma 
of the prostate indistinguishable from small cell carcinomas in 
other sites. 
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Figure 10-12 Œ Small cell carcinoma with more visible 
nucleoli and slightly more abundant cytoplasm. 


receptor markers are typically negative. About 50% of cases 
are AMACR positive. Small cell carcinoma is typically 
negative for both CK7 and CK20. Immunoreactivity with 
PAN-CK shows typical paranuclear dot-like pattern. Ki-67 
staining shows >70% of positive cells. CD44 is reported to 
be positive in small cell prostatic carcinoma, but negative in 
small cell carcinoma of nonprostatic origin, and is expressed 
in only rare scattered cells in conventional adenocarcinoma. 


Differential Diagnosis 


Small cell carcinoma must be differentiated from Gleason 
score 5 + 5 = 10 usual adenocarcinoma of the prostate. Cases 
where the small cell carcinoma component merges with non— 
small cell areas may be more likely to be underdiagnosed 
as opposed to cases whether there is a sharp demarcation 
between the two patterns.*° Also, the intermediate cell vari- 
ant with more visible cytoplasm and nucleoli is at increased 


Figure 10-13 Œ Small cell carcinoma with sharp demarca- 
tion between it and acinar adenocarcinoma of the prostate. 


risk of a misdiagnosis of poorly differentiated usual prostate 
cancer.” In part, the likelihood of underdiagnosing small cell 
carcinoma is due to the rarity of the diagnosis of small cell 
carcinoma relative to the diagnosis of usual prostate adeno- 
carcinoma. Documentation of neuroendocrine differentiation 
using immunohistochemistry can help in cases that are ambig- 
uous based on routine hematoxylin and eosin (H&E)-stained 
sections. It should be noted, however, that synaptophysin can 
show focal staining in high-grade acinar adenocarcinoma, 
and therefore the diagnosis should not be entirely based on 
the expression of neuroendocrine markers. Features that favor 
high-grade adenocarcinoma over small cell carcinoma are 
single cell pattern of growth, abundant cytoplasm, prominent 
nucleoli, absence of nuclear spindling and molding, strong 
positivity for prostatic markers, negative or focal staining for 
CD44, <50% of positive cells with Ki-67, and diffuse positiv- 
ity for PAN-CK markers in contrast to small cell carcinoma in 
which the staining is dot-like paranuclear. 

In general, most cases of small cell carcinoma can be 
diagnosed on morphologic grounds alone, and immunohis- 
tochemistry is reserved for equivocal cases. 


Prognosis and Treatment 


Over 90% of small cell carcinomas are of advanced stage 
at time of diagnosis. In most cases with mixed usual ade- 
nocarcinoma of the prostate and small cell carcinoma, the 
metastases are of the small cell component. Treatment con- 
sists of combination chemotherapy of the type used in pul- 
monary small cell carcinoma. The prognosis is dismal with 
most surviving <2 years.*’ There is no difference in progno- 
sis whether tumors are mixed small cell and usual adeno- 
carcinoma or pure small cell carcinoma. The proportion of 
small cell carcinoma and whether there is a history of prior 
usual adenocarcinoma of the prostate also does not affect 
prognosis. A review of the literature by Mackey et al.” of 
genitourinary small cell carcinoma found cisplatin chemo- 
therapy to be beneficial for bladder tumors but only surgery 
was prognostic for prostate small cell carcinomas. While 
this study concluded that hormonal manipulation and sys- 
temic chemotherapy had little effect on the natural history 
of disease in the prostate, the number of patients was small 
and some suggest that small cell carcinoma of the prostate 
should be treated with the same combination chemotherapy 
used to treat small cell carcinomas in other sites.*°*! 


Large Cell Neuroendocrine Carcinoma 


Large cell neuroendocrine carcinoma (LCNEC) of prostate 
is an extremely rare occurrence.” Most cases represent pro- 
gression from prior typical prostate adenocarcinoma fol- 
lowing long-standing hormonal therapy, with a median time 
interval of 4.7 years (range from 2 to 12 years) between 
the two. The tumors are composed of sheets and ribbons of 
amphophilic cells with large nuclei, coarse chromatin, and 
prominent nucleoli with a high mitotic activity and foci of 
necrosis (Fig. 10-14). The LCNEC component is strongly 
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positive various neuroendocrine markers with focal or 
absent PSA and PSAP immunoreactivity. AMACR may be 
positive. LCNEC are aggressive tumors that usually pres- 
ent at advanced stage and metastatic disease with patients 
dying within a year of diagnosis. The importance of distin- 
guishing LCNEC from small cell carcinoma at the therapeu- 
tic and prognostic levels is not established. The diagnosis 
of LCNEC is problematic as usual prostate adenocarcinoma 
can express neuroendocrine markers. Only when a poorly 
differentiated carcinoma has a nested or ribbon-like appear- 
ance without glands, where the tumor is strongly positive for 
neuroendocrine markers and negative for prostate markers, 
can the diagnosis be established. 


Lymphoepithelioma-like Carcinoma 


Lymphoepithelioma-like carcinomas are very rare tumors 
with <10 cases reported to date. The mean age at presentation 
is 76 and patients usually present with urinary obstructive 
symptoms and elevated serum PSA levels.** Histologically 
the lymphoepithelioma-like component is composed of 
sheets of undifferentiated cells with indistinct cytoplasmic 
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Figure 10-14 E A: LCNEC of the prostate with central 
necrosis. B: LCNEC of the prostate with more prominent nucleoli 
than small cell carcinoma. C: LCNEC of the prostate with diffuse 
strong positivity for synaptophysin. Tumor cells were negative for 
PSA and PSAP. 


borders and a syncytial pattern of growth. The nuclei are 
high-grade with vesicular chromatin, prominent nucleoli, 
and numerous mitoses. Typically there is an admixed heavy 
lymphocytic infiltrate with occasional plasma cells, neutro- 
phils, and eosinophils. The lymphoepithelioma-like com- 
ponent ranges from 10% to 100% of the entire tumor and 
most cases have an associated acinar adenocarcinoma (most 
reported with Gleason score 4 + 3) and sometimes ductal 
adenocarcinoma components. Cells are positive for prostatic 
markers and AMACR and, when tested, in situ hybridization 
showed absence of Epstein-Barr virus genome confirming 
that this is a simply a rare morphologic variant of pros- 
tatic carcinoma. All reported cases were associated with an 
adverse clinical course with death from the disease occur- 
ring at a mean follow-up time of 20 months in the largest 
reported series.” 


Paraganglioma 


A few case reports of paragangliomas originating in the 
prostate have also been reported, including one in a child 
(Fig. 10-15). 
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Figure 10-15 E A: Paraganglioma of the prostate. B: Paraganglioma of the prostate immunoreactive for chromogranin. 


Urothelial Carcinoma 
Introduction 


Urothelial carcinoma can involve the prostate in the follow- 
ing different manners: 

Urothelial neoplasia involving urethra, which may be 
seen in transurethral resection of the prostate (TURP) speci- 
mens. Those can be divided into 


e Urethral carcinoma in situ (CIS) in the absence of pros- 
tatic duct or stromal involvement. 


e Urothelial papillary neoplasms of the prostatic ure- 
thra: those lesions range from papilloma to high-grade 
noninvasive urothelial carcinoma to invasive papillary 
urothelial carcinoma involving the prostate. 


Urothelial neoplasia involving prostatic ducts, acini, 
or stroma, which may be seen in TURP or needle biopsy 
specimens. Those can be divided into 


e CIS involving ducts and acini without stromal invasion 
(intraductal urothelial carcinoma). 


e CIS involving ducts and acini with stromal invasion. 


e Invasive urothelial carcinoma of the bladder with direct 
invasion of the prostatic stroma. 


Clinical Features 


The most common scenario for the detection of urothe- 
lial carcinoma of the prostate is prostatic involvement in 
cystoprostatectomies performed for bladder urothelial 
carcinomas. In that context the most common pattern of 
involvement is by extension of CIS to the prostatic urethra 
with secondary prostatic ducts/acinar involvement, which 
can progress to stromal invasion. A less common pattern of 
involvement is in advanced invasive bladder urothelial carci- 
nomas that extend directly into the prostate. This latter sce- 
nario represents the pathologic stage T4 of the latest bladder 


TNM staging system. Random sections of the prostate at the 
time of cystectomy for urothelial carcinoma show prostatic 
involvement by urothelial carcinoma in between 12% to 20% 
of cases. If serial sections of the prostate in cystoprostatec- 
tomy specimens with bladder urothelial carcinoma are per- 
formed, involvement of the prostate by urothelial carcinoma 
may be found in 37% to 45% of the cases. 

Primary prostatic urothelial carcinoma is uncommon and 
comprises about 2% of prostate cancers in adults. The vast 
majority of those patients have concomitant bladder urothe- 
lial CIS, and prostatic involvement appears to be by direct 
extension from the overlying urethra, since in the majority of 
cases the more centrally located prostatic ducts are involved 
by urothelial neoplasia to a greater extent than the peripheral 
ducts and acini. However, rarely, primary urothelial carcino- 
mas arise in the prostate without bladder involvement.” 

Since topical chemotherapy and immunotherapy for 
superficial bladder carcinomas appear to act by direct contact 
with neoplastic epithelium, it has become critical to identify 
those cases of bladder urothelial carcinomas with prostatic 
involvement, since conservative management will not treat 
these cases effectively. Currently, biopsies of the prostatic 
urethra and suburethral prostate tissue may be performed 
as a staging procedure or in the setting of positive cytology 
in patients undergoing intravesical treatment for superficial 
bladder tumors. It is also important to evaluate the urothe- 
lium in routine TURP specimens done for benign prostatic 
hyperplasia (BPH) symptoms, as we have seen several cases 
of CIS where no history of bladder cancer was present. 


Pathology 


¢ Urethral CIS in the absence of prostatic duct or stro- 
mal involvement: In those lesions, prostatic urethra is 
replaced by CIS cells. CIS can exhibit different patterns 
including large cell pleomorphic, large cell nonpleo- 
morphic, small cell, clinging, and pagetoid. Criteria to 
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Figure 10-16 W A: Intraductal spread of urothelial carcinoma. B: Urothelial carcinoma involving prostatic acini with central 


comedonecrosis. 


distinguish CIS from reactive urothelium are the same 
as those applied in the bladder. 


e Urothelial papillary carcinoma of the prostatic ure- 
thra: with low- or high-grade histology. Those lesions 
are usually noninvasive but can show submucosal in- 
vasion and even prostatic stromal invasion. For those 
invasive tumors, the TNM staging system of the urethra 
rather than the bladder applies and the pathologic stage is 
T1 for submucosal invasion and T2 for prostatic stromal 
invasion. T2 tumors are easily diagnosed when invasive 
tumor is seen infiltrating between prostatic glands; how- 
ever, the distinction between T1 and T2 lesions when 
the involved tissue does not contain prostatic glands is 
not always straightforward due to the lack of clear-cut 
criteria to distinguish between the two different stages. 


e CIS involving ducts and acini without stromal invasion 
(intraductal urothelial carcinoma): Intraductal urothe- 
lial carcinoma of the prostatic ducts initially consists of 
malignant urothelial cells insinuating themselves between 
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Figure 10-17 W Intraductal urothelial carcinoma diffusely 
positive for high molecular weight cytokeratin. 


the basal cell layer and the columnar to cuboidal luminal 
epithelium of the prostatic ducts. More peripherally, uro- 
thelial carcinoma spreads in a pagetoid fashion within the 
ducts. Similar to that seen in the breast, large tumor cells 
with clear cytoplasm are seen in the midst of otherwise 
normal urothelium. With more extensive involvement, 
urothelial carcinoma fills and expands ducts and often 
develops central comedonecrosis (Fig. 10-16). Immuno- 
histochemical stains for basal cells (HMWK, p63) may 
in some cases outline only the prostatic basal cells and 
in other cases also label the intraductal urothelial carci- 
noma. Sometimes the surrounding basal cells may show 
more intense staining for HMWK than the intraductal 
carcinoma component (Figs. 10-17 and 10-18). 


CIS involving ducts and acini with stromal invasion: 
Stromal invasion is characterized by the presence of infil- 
trative small nests and single cells that usually elicit stromal 
inflammation and desmoplasia and may be accompanied 
by stromal retraction artifact. Those features along with 


Figure 10-18 E Intraductal urothelial carcinoma negative for 
high molecular weight cytokeratin with positivity restricted to resid- 
ual benign prostatic basal cells. 
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Figure 10-19 W Nests of infiltrating urothelial carcinoma 
invading the prostate. 


the irregular nests’ borders are helpful in the distinction 
between the invasive and the intraductal components. 
When urothelial carcinoma invades the prostatic stroma 
through this route, the urethral tumors staging system ap- 
plies and the pathologic stage is considered to be T2. 


° Invasive urothelial carcinoma of the bladder with 
direct invasion of the prostatic stroma: These cases 
usually present with invasive urothelial carcinoma in- 
vading the prostatic stroma in the absence of an intra- 
ductal component or urethral involvement. Infiltrating 
urothelial carcinoma typically has a different morphol- 
ogy than poorly differentiated adenocarcinoma of the 
prostate, although there are some cases that show over- 
lap and are impossible to distinguish without ancillary 
studies. Urothelial cancer tends to grow in nests, even 
when poorly differentiated (Fig. 10-19). High-grade 
urothelial carcinomas often reveal marked pleomor- 
phism with tumor giant cells (Fig. 10-20). Urothelial 
carcinomas may demonstrate hard glassy eosinophilic 


phism and associated inflammation invading the prostate. 


Table 10-1 MORPHOLOGIC DISTINCTION 


OF POORLY DIFFERENTIATED PROSTATIC 


ADENOCARCINOMA FROM UROTHELIAL 
CARCINOMA 


Prostate Cancer 


Urothelial Cancer 


Sheets, cords, individual Nests of cells 


cells 
Microacinar or cribriform Solid sheets of cells, cribriform 
pattern pattern rare 


Pale delicate cytoplasm Occasional hard eosinophilic 


cytoplasm 
Marked pleomorphism 
Often marked hyperchromasia 
Associated inflammation 
Necrosis more common 


Typically uniform nuclei 
Central prominent nucleolus 
Lacks inflammation 
Uncommon necrosis 


cytoplasm or more prominent squamous differentiation. 
Urothelial carcinoma involving the prostate may con- 
tain areas of necrosis or stromal inflammation, which are 
unusual findings in even high-grade adenocarcinoma of 
the prostate. The pathologic stage of those tumors is T4 
using the bladder TNM staging system. 


Differential Diagnosis 


The major differential diagnosis for infiltrating urothelial car- 
cinoma involving the prostate is poorly differentiated prostatic 
adenocarcinoma (Table 10-1). Poorly differentiated prostate 
cancers may have enlarged nuclei and prominent nucleoli, yet 
in contrast to urothelial carcinoma there is little variability in 
nuclear shape or size from one nucleus to another. A subtler 
finding is that the cytoplasm of prostatic adenocarcinoma is 
often very foamy and pale imparting a “soft” appearance. 
Infiltrating cords of cells or focal cribriform or pseudorosette 
glandular differentiation are other features more typical of pros- 
tatic adenocarcinoma than urothelial carcinoma (Fig. 10-21). 


"4 i Z = 
Figure 10-21 E High-grade acinar adenocarcinoma of the 
prostate with uniform cytology and subtle microacinar formation. 
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Although the above distinction between urothelial carcinoma 
and prostatic adenocarcinoma on H&E-stained sections is 
valid for almost all cases, we have seen rare cases where pros- 
tate adenocarcinoma has marked pleomorphism identical to 
urothelial carcinoma. Consequently, in a poorly differentiated 
tumor involving the bladder and prostate without any glandu- 
lar differentiation typical of prostate adenocarcinoma, the case 
should be worked up immunohistochemically. Approximately 
95% of poorly differentiated prostatic adenocarcinomas show 
PSA and PSAP staining although it may be focal. While 
some studies claim superiority of PSA over PSAP in staining 
prostatic carcinoma, other articles have demonstrated poorly 
differentiated prostatic carcinomas that lacked PSA staining 
but still maintained their immunoreactivity with antibodies to 
PSAP?! In our own hands, PSA has in general been more sen- 
sitive. Monoclonal antibodies to PSAP have lower sensitivities 
than their polyclonal counterparts.” In some cases of poorly 
differentiated prostatic adenocarcinomas, there may be weak 
or negative PSA staining where the tumor reacts to a greater 
degree with newer prostate-specific markers including PSMA, 
p501S (prostein), and NKX 3.1°° (Table 10-2). However, the 
lack of immunoreactivity to prostate-specific markers in a 
poorly differentiated tumor within the prostate, especially if 
present in limited amount, does not exclude the diagnosis of 
a poorly differentiated prostatic adenocarcinoma. In a poorly 
differentiated tumor occurring in the bladder and the prostate 
where the differential diagnosis is between high-grade pros- 
tatic adenocarcinoma and urothelial carcinoma, focal strong 
staining for prostatic markers can be used reliably to make the 
diagnosis of prostatic adenocarcinoma, as they have not been 
convincingly described in urothelial carcinomas.**°’** Almost 
50% of cystoprostatectomy specimens performed for urothelial 
carcinoma also contain adenocarcinoma of the prostate.*”**°° 
Therefore, the finding of a small focus of well-differentiated 
adenocarcinoma of the prostate in a TURP should not neces- 
sarily influence whether a separate focus of poorly differenti- 
ated tumor is urothelial carcinoma or adenocarcinoma of the 
prostate. In general, various cytokeratins (CK7, CK20, high 
molecular weight cytokeratin) show strong positivity in cases 
of urothelial carcinoma involving the prostate. Although CK7 
and CK20 are more frequently seen in urothelial carcinoma as 
compared to adenocarcinoma of the prostate, they may also be 
positive in adenocarcinoma of the prostate. The only help- 
ful finding is negative CK7 immunoreactivity, which favors 
prostatic adenocarcinoma, as it would be unusual for urothelial 
carcinoma. High molecular weight cytokeratin is positive in 
more than 90% of urothelial carcinomas.**” In contrast, high 
molecular weight cytokeratin is only rarely (8%) expressed, and 


Table 10-2 


AND UROTHELIAL CARCINOMA 
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usually in a very small percentage of cells, in adenocarcinoma 
of the prostate.° p63 has a greater specificity albeit lower 
sensitivity for urothelial carcinoma compared to high molecu- 
lar weight cytokeratin (100% specificity and 83% sensitivity).*° 
Other markers that also appear highly specific but only of mod- 
est sensitivity for urothelial carcinoma include uroplakin and 
thrombomodulin (49% to 69% sensitivity). 

Extensive intraductal urothelial carcinoma must be differ- 
entiated from invasive urothelial carcinoma. With intraductal 
urothelial carcinoma of the prostate, nests of urothelial car- 
cinoma have the contours and distribution of prostatic ducts 
and acini. The nests are circumscribed with a smooth dis- 
crete edge between the epithelium and the adjacent stroma, 
and the stroma lacks a desmoplastic response. Infiltrating 
urothelial carcinoma is characterized by small cords, nests, 
or individual cells often with retraction artifact, eliciting a 
desmoplastic stromal response. 

Intraductal urothelial carcinoma must also be differenti- 
ated from high-grade prostatic intraepithelial neoplasia. The 
presence of an intraductal growth where preexisting benign 
prostate glands are filled with solid nests of tumor differs 
from HGPIN, which is composed of flat, tufting, papillary, or 
cribriform patterns. Although the cells of HGPIN are atypical, 
the presence of pleomorphism and mitoses are uncommon. 


Prognosis and Treatment 


Patients with prostatic stromal involvement by direct invasion 
of the bladder urothelial carcinoma (T4) have a worse prognosis 
than those in whom the invasive prostatic urothelial carcinoma 
originates from an intraductal component.™ In the latter sce- 
nario, there are typically associated bladder tumors, which may 
determine the prognosis. Intraductal prostatic urothelial carci- 
noma with prostatic stromal invasion may also be associated 
with low-stage (T1, T2) bladder tumors. Prostatic stromal inva- 
sion in this setting has a negative effect on prognosis, although 
the prognosis is less ominous than direct invasion into the pros- 
tate from an infiltrating bladder urothelial carcinoma. 

Most but not all studies have demonstrated that intra- 
ductal spread of the prostate by urothelial carcinoma does 
not adversely affect survival following cystoprostatectomy, 
which is rather determined by the stage of the bladder 
tumor.*?°*°7 If intraductal urothelial carcinoma is identified 
on TURP or transurethral biopsy, patients usually will be 
recommended for radical cystoprostatectomy. The finding of 
intraductal urothelial carcinoma has also been demonstrated 
to increase the risk of urethral recurrence following cysto- 
prostatectomy, such that its identification may also result in 
prophylactic total urethrectomy. 


IMMUNOHISTOCHEMICAL DISTINCTION OF PROSTATE ADENOCARCINOMA 


PSA P501S PSMA HMWCK p63 Thrombomodulin 
Prostate carcinoma 37/38 (97%) 38/38 (100%) 35/38 (92%) 3/38 (8%) 0/38 (0%) 2/38 (5%) 
Urothelial carcinoma 0/35 (0%) 2/35 (6%) 0/35 (0%) 32/35 (91%) 29/35 (83%) 24/35 (69%) 
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The overall prognosis of urothelial cell carcinoma 
diagnosed on prostatic needle biopsy is poor, even in cases 
without histologic evidence of stromal invasion on biopsy. 
In these cases with intraductal cancer on biopsy, most likely 
invasive cancer is present elsewhere in the prostate that was 
not sampled. Although the prognosis is poor, even with only 
apparent intraductal involvement, histologic recognition is 
essential, as the only opportunity for improved outcome is 
early and aggressive therapy. 

Primary urothelial carcinoma of the prostate without blad- 
der involvement is rare.**” A continuum from urothelial 
hyperplasia without atypia to atypical urothelial hyperplasia 
to CIS can also be identified.” Rarely, urothelial carcinoma 
may be papillary within enlarged dilated prostatic ducts.™ 
Though an older study claimed that one-third of the cases 
of primary urothelial carcinoma of the prostate have areas of 
prostatic adenocarcinoma, this number is overstated and this 
is only uncommonly seen.‘ This study predated the use of 
immunohistochemistry for PSA and PSAP, and these cases 
may have been adenocarcinomas of the prostate with areas of 
poor differentiation, resembling urothelial carcinoma. From a 
prognostic standpoint, primary prostatic urothelial carcinoma 
is a heterogeneous disease with higher disease-specific sur- 
vival rates in cases showing noninvasive carcinoma (CIS of 
prostatic urethra and/or intraductal carcinoma) in comparison 
to those showing cancer invading prostatic stroma.‘ Invasive 
primary urothelial carcinomas of the prostate tend to infiltrate 
the bladder neck and surrounding soft tissue such that over 
50% of the patients present with tumors extending out of the 
prostate. Twenty percent of the patients present with distant 
metastases, bone and liver being the most common sites. In 
contrast to adenocarcinoma of the prostate, bone metastases 
are usually osteolytic. Rubenstein and Rubnitz described 
10 cases of urothelial cell carcinoma arising within the large 
periurethral prostatic ducts. These patients all died within 
2 years of diagnosis, with eight (80%) dying within 1 year.” 
Greene et al. reported a series of 39 patients with primary 
urothelial cell carcinoma of the prostate. Again, the prognosis 
was poor with 34 (87%) patients dying within 5 years. Average 
survival was only 17 months.® In their review of three addi- 
tional cases, Nicolaisen and Williams” emphasized clinical 
presentation (obstructive symptoms in younger patients), an 
aggressive course with a propensity for local invasion, and 
stressed radical surgery as the only hope for survival. 


Basal Cell Carcinoma 
Introduction 


Basal cell carcinomas do not appear to arise from basal cell 
hyperplasia. These lesions express the same immunoprofile 
as normal basal cells. 


Clinical Features 


Those are rare tumors with <75 cases reported and a wide age 
range at presentation (28 to 89 years). Most cases are seen in 
TURP specimens as these tumors originate in the transition 


Figure 10-22 W Basal cell carcinoma with large basaloid 
nests with central necrosis. 


zone and therefore present with urinary obstructive symptoms. 
Rarely, tumors may be detected on needle biopsies performed 
during workup of elevated serum PSA levels, although basal 
cell carcinoma itself does not raise serum PSA levels. 


Pathology 


Grossly, basal cell carcinomas present with white and fleshy 
nodules with microcysts, unlike acinar carcinoma, which is 
usually yellow. It invariably involves the transition zone with 
or without peripheral zone involvement. Microscopically, it 
displays different morphologic patterns. It can resemble basal 
cell carcinoma of the skin with large basaloid nests, cords, 
or trabeculae showing peripheral palisading and necrosis 
(Fig. 10-22). Other basal cell carcinomas show an adenoid cys- 
tic carcinoma pattern in which the tumor grows in nests with 
prominent cribriform architecture, the lumina of which may 
be filled with eosinophilic, hyaline basement membrane-like 
material or basophilic mucinous secretions (Fig. 10-23). 


oe ae CF Ge “eet G 
Figure 10-23 E Adenoid cystic carcinoma pattern of basal cell 
carcinoma with perineural invasion. 
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Figure 10-24 W Basal cell carcinoma with irregular vari- 
able-sized basaloid nests with central eosinophilic gland formation. 


Another pattern unique to basal cell carcinoma are 
anastomosing basaloid nests and tubules centrally lined by 
eosinophilic cells, and variably small or medium-sized nests 
with irregular shapes (Fig. 10-24). Lastly, basal cell carci- 
noma may also resemble basal cell hyperplasia (Fig. 10-25). 
Basal cell carcinomas are infiltrative tumors associated with 
a desmoplastic stromal response, and not uncommonly show 
extraprostatic or seminal vesicle invasion, along with peri- 
neural or lymphovascular invasion. Of note is that Gleason 
grading does not apply to these tumors. 

At the immunohistochemical level, the cells are com- 
monly negative for prostatic markers and positive for basal 
cells markers (p63, HMWK), which either stain all tumor cell 
layers or can be restricted to the peripheral aspects of tumor 
clusters. AMACR is positive in a minority of cases and BCL2 
is typically strongly and diffusely positive. 


Table 10-3 m FEATURES OF BASAL CELL 


CARCINOMA 


Large basaloid nests often with necrosis 

Adenoid cystic-like pattern 

Anastomosing nests 

Variably sized nests with irregular shapes 

Nests or tubules centrally lined by eosinophilic cells 
Perineural or vascular invasion 


Extraprostatic extension into adipose tissue or seminal 
vesicles 


Invasion of thick muscle bundles of the bladder neck 
Widespread infiltration between benign prostatic glands 
Prominent desmoplastic or myxoid stromal reaction 
Ki67 staining was >20% 

Strong diffuse bcl-2 staining 


Differential Diagnosis 


Basal Cell Hyperplasia 

In cases of basal cell carcinoma with overt malignant fea- 
tures, such as necrosis or extension of basal cell carcinoma 
into periprostatic adipose tissue or seminal vesicles, or peri- 
neural invasion, there is no difficulty in differentiating these 
lesions from basal cell hyperplasia. In other cases, it may be 
more difficult to diagnose malignancy in a basaloid prolif- 
eration (Table 10-3). Extension into the thick muscle bun- 
dles of the bladder neck and widespread infiltration of the 
malignant basal elements between benign prostatic glands 
is not seen in basal cell hyperplasia (Fig. 10-26). Although 
florid basal cell hyperplasia may appear infiltrative between 
benign glands, the nests or tubules of basal cell hyperpla- 
sia are more evenly and orderly arranged between benign 


hyperplasia irregularly infiltrating between benign prostate glands. 


Figure 10-26 W Basal cell carcinoma infiltrating thick mus- 
cle bundles of the bladder neck. 
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Figure 10-27 W Diffuse expression of BCL2 in basal cell 
carcinoma. 


prostate glands and tend not to infiltrate as isolated units 
but rather as clusters of nests or tubules. Florid basal cell 
hyperplasia may have a subtle myxoid stromal reaction but 
lacks the extensive myxoid or desmoplastic reaction that 
characterizes some basal cell carcinomas.” Other findings 
that may be seen in association with basal cell carcinoma as 
well as basal cell hyperplasia include collagenous globules, 
squamous differentiation, focal microcalcifications and vac- 
uoles. BCL2 labels basal cell carcinoma more strongly and 
diffusely than basal cell hyperplasia (Fig. 10-27). Ki-67 
staining is >20% in approximately one-half of basal cell 
carcinomas (Fig. 10-28).’° Immunohistochemistry for Ki-67 
can be helpful in differentiating basal cell carcinoma from 
florid basal cell hyperplasia, as basal cell hyperplasia typi- 
cally shows <5% positivity.” Both high molecular weight 
cytokeratin and p63 label basal cell carcinoma, although not 
all the tumor cells are positive (Fig. 10-29). 


of Ki-67. 


Lastly, one should, however, be aware that the presence 
of cribriform architecture in a proliferative basal cell lesion 
is not necessarily equivalent to a diagnosis of basal cell car- 
cinoma (adenoid cystic carcinoma pattern) as some cases of 
florid basal cell hyperplasia show similar structures. In that 
context, the cribriform nests are small and associated with 
a background typical of basal cell hyperplasia with lobulo- 
centric growth in the transition zone in which the basaloid 
structures lack the aforementioned malignant features of 
carcinoma. Of note is that many cases of basal cell hyperpla- 
sia with adenoid cystic pattern were previously reported as 
basal cell carcinomas in the literature. 


1) Cribriform basal cell hyperplasia: The nests are com- 
posed of cells with abundant and usually clear cytoplasm 
and lack the cytologic and invasive features of basal cell 
carcinomas. 


2) Small cell carcinoma: Although small cell carcinoma and 
basal cell carcinoma share the fact that both are composed 
of small cells with scant cytoplasm and hyperchromatic 
nuclei, the latter does not show the typical nuclear mold- 
ing, salt and pepper chromatin, crush artifact, and single 
cell necrosis typically present in small cell carcinoma. In 
addition, small cell carcinomas are positive for neuroen- 
docrine markers and negative for basal cell markers. 


3) Acinar adenocarcinoma, Gleason pattern 4 or 5: The 
cribriform architecture and solid growth seen in Gleason 
patterns 4 and 5, respectively, may mimic adenoid cys- 
tic carcinoma at low magnification. However, acinar 
adenocarcinoma cells have more cytoplasm and dis- 
play enlarged nuclei and prominent nucleoli. Basement 
membrane-—like material is absent and cells are positive 
for prostatic markers and negative for basal cell markers. 


4) Poorly differentiated urothelial carcinoma: The context in 
which invasive urothelial carcinoma is seen invading the 
prostate is usually in the event of a known concomitant 
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advanced bladder urothelial carcinoma directly invad- 
ing the prostate or extensive CIS of the prostatic urethra 
secondarily involving the prostatic ducts (intraductal 
urothelial carcinoma), in a way in which basal cell car- 
cinoma is usually not a differential diagnostic possibility. 
Histologically, however, and similar to basal cell car- 
cinomas, urothelial carcinomas are associated with a 
desmoplastic stromal reaction, positive staining for 
basal cell markers, and negative staining for prostatic 
markers. However, the cells display abundant cytoplasm 
and pleomorphic features typically not seen in basal cell 
carcinomas. 


Prognosis and Treatment 


Most reported cases have been treated with TURP with a sub- 
set undergoing radical prostatectomy. Cases with advanced 
stage are treated with adjuvant radiotherapy and chemo- 
therapy. Overall, a subset of basal cell carcinomas behaves 
aggressively with local recurrences and distant metastases 
reported in 30% of cases. In previously reported cases, these 
have been of the adenoid cystic variant.””*° Metastases 
typically involve the lung and liver with rare bone metastasis 
in comparison to acinar adenocarcinomas. In a recent series, 
among those with an aggressive behavior the predominant 
pattern was cases with large solid nests more often with cen- 
tral necrosis, high proliferative index, and less staining with 
basal cell markers.” 


Lymphoma 
Clinical Features 


Lymphomas of the prostate are rare tumors that account 
for only 0.1% of all newly diagnosed lymphomas.“ *! They 
typically present in older men (mean age is 65 years) with 
urinary obstructive symptoms. Urinary tract infections, 
or hematuria or may be detected incidentally in biopsies 


cell lymphoma. 
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performed during workup of elevated serum PSA levels or 
even in radical prostatectomies. Systemic symptoms are 
unusual. Primary prostatic lymphoma with or without pelvic 
lymph nodal involvement is rarer than secondary involve- 
ment of the prostate by systemic lymphoma and accounts 
for <200 cases reported in the literature.* In one of the larg- 
est recent series by Chu et al., only 29 cases were found 
among over 4,800 cases reviewed (0.6%), including 18 that 
were primary to the prostate or pelvic lymph nodes. Clinical 
criteria that have been proposed for a diagnosis of primary 
prostatic lymphoma include the presence of a histologically 
proven lymphoma primarily affecting the prostate in the 
absence of liver, spleen, lymph nodes, and peripheral blood 
involvement within | month of diagnosis. 


Pathology 


Most reported primary lymphomas have been B-cell lympho- 
mas of the small lymphocytic (small lymphocytic lymphoma 
[SLL]/chronic lymphocytic leukemia [CLL]), marginal 
zone, large cell (diffuse large B-cell lymphoma [DLBCL]) 
and follicular lymphoma, with DLBCL and SLL/CLL being 
the two most commonly reported subtypes (Fig. 10-30).** 
Secondary involvement of the prostate also occurs rarely as 
part of systemic disease dissemination and in that context, 
SLL/CLL is the most common subtype. Microscopically, 
the lymphoid infiltrate typically shows patchy or diffuse 
interstitial involvement of the prostatic stroma with charac- 
teristic preservation of prostatic acini. The infiltrate might 
also extend to the extraprostatic tissue. Lymphomas with a 
nodular pattern involving the prostate are seen infrequently. 
The entire spectrum of malignant lymphomas seen in other 
sites may become manifest in the prostate. These include 
undifferentiated (Burkitt-like) lymphomas, mantle cell lym- 
phoma, angiotropic lymphoma, Hodgkin disease and T-cell 
lymphomas, as well as rare cases of myeloma and pseudo- 
lymphoma (Fig. 10-31).8°” 
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Differential Diagnosis 


The distinction between large cell lymphoma and poorly dif- 
ferentiated prostatic adenocarcinoma can readily be accom- 
plished immunohistochemically with antibodies to keratin, 
prostatic markers, and lymphoid markers. 

Florid chronic inflammation should be differentiated 
from low-grade lymphoma. In chronic inflammation, the 
inflammatory infiltrate is typically periglandular and is 
admixed with plasma cells, whereas low-grade lymphoma 
shows a more diffuse infiltrate that is not restricted to 
periglandular location. In addition, the lymphomatous 
infiltrate is not associated with plasma cells. In prob- 
lematic cases, immunohistochemistry should be used. 
Another differential diagnostic possibility is with florid 
nonspecific granulomatous prostatitis, which in contrast 
to low-grade lymphomas typically involves the acini and 
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destroys them and might also be associated with an acute 
inflammatory infiltrate, both of which are features not 
seen in lymphoma. 

Small cell carcinoma, high-grade stromal sarcoma, and 
rhabdomyosarcoma are also rarely considered on histologic 
grounds and their distinction from lymphoma is straightfor- 
ward using immunohistochemical studies. 


Prognosis 


Malignant lymphoma involving the prostate is associated 
with a poor prognosis regardless of patient age, stage of 
presentation, or treatment regimen, with a disease-specific 
survival of 64% at 1 year, 33% at 5 years, and 16% at 
15 years. There is also no difference in median survival after a 
diagnosis of prostatic involvement between primary and sec- 
ondary lymphoma (23 months vs. 28 months, respectively).*4 
The poor prognosis of prostatic lymphoma is related to the 
generalized disease that eventually results rather than to the 
prostatic involvement. The one exception to the poor progno- 
sis associated with prostatic lymphoma appears to be SLL/ 
CLL, where the prognosis is not affected by the prostatic 
involvement. 


Leukemia 
Clinical Features 


The most common form of leukemic involvement of the 
prostate is that of CLL/SLL (Fig. 10-32). Most patients, 
however, with leukemic involvement of the prostate are 
known leukemics or have their diagnosis established at the 
time of workup for urinary symptoms. It is often unclear 
whether the prostatic leukemic infiltrate in CLL is an inci- 
dental finding in patients with BPH or the cause of their 
obstructive symptoms. In other cases the diagnosis of leuke- 
mia is established on the prostate specimen usually removed 
for presumed BPH. 


-— > 


Figure 10-32 E A: Small lymphocytic lymphoma/chronic lymphocytic leukemia in the prostate. B: Monotonous population of 


small round lymphocytes in SLL/CLL. 
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Pathology 


In CLL, there is a dense infiltrate of small mature round lym- 
phocytes extensively infiltrating the prostatic stroma with 
preservation of prostatic glands. These lesions differ from 
nonspecific chronic inflammation in the prostate, where the 
inflammation tends to remain periglandular, is less dense, 
and often contains an admixture of plasma cells. Other forms 
of leukemia that have been described in the prostate include 
monocytic, granulocytic, and lymphoblastic leukemias.*** 


Plasmacytoma/Multiple Myeloma 


Multiple myeloma involving the prostate is an extraordi- 
narily rare neoplasm with most cases diagnosed inciden- 
tally at autopsy in patients with a known history of multiple 
myeloma. IgD and IgA myelomas have been described and 
rarely may cause urinary symptoms.**°> 


Miscellaneous Primary Tumors 


Other malignant tumors of the prostate include reports of a 
malignant mixed tumor resembling that seen in the salivary 
gland,” endodermal sinus tumor (yolk sac tumor),”° semi- 
noma” (Fig. 10-33), malignant mixed germ cell tumor,?*"'” 
rhabdoid tumor,” papillary cystadenocarcinoma,'” tubulo- 
cystic clear cell adenocarcinoma as seen in the female geni- 
tal tract (Fig. 10-34),'° renal-type clear cell carcinoma,'™ 
ectomesenchymoma with rhabdomyosarcoma and ganglio- 
neuroma,'”® peripheral neuroectodermal tumor primitive 
neuroectodermal tumor (Fig. 10-35),!°° and malignant peri- 
vascular epithelioid cell tumor (PECOMA).'” 


Hemangioma 


Albeit rare, involvement of the prostatic urethra by heman- 
gioma has more commonly been reported than primary pros- 
tatic hemangioma. Presenting symptoms include obstructive 


Figure 10-33 E Seminoma involving the prostate. Tumor 
cells were negative for epithelial and lymphoid markers and posi- 
tive for placental alkaline phosphatase. 


Figure 10-34 E Tubulopapillary clear cell adenocarcinoma 
of the prostate. 


symptoms, hematuria, hematospermia, or postejaculation 
urethral bleeding." Histologically, the diagnosis is straight- 
forward and most have been reported as capillary or cav- 
ernous hemangiomas. Symptomatic lesions if diagnosed 
preoperatively should be treated with TURP. Some have rec- 
ommended laser or bipolar evaporation. 


Metastatic Tumors 


In addition to urothelial carcinoma, colorectal adenocarci- 
nomas may directly invade the prostate.'° Usually colorec- 
tal adenocarcinomas that invade the prostate are not occult. 
Adenocarcinoma of the rectum infiltrating the prostate may 
resemble one of the patterns of prostatic duct adenocarci- 
nomas (Figs. 10-36 and 10-37). Excluding hematopoietic 
neoplasms, the prostate is rarely involved by metastatic 
tumor. Metastases from malignant melanoma and carci- 
noma of the lung predominate (Fig. 10-38)."! 


Figure 10-35 W Primitive neuroectodermal tumor of the 
prostate. Tumor diffusely expressed CD99. 
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Figure 10-36 E Colonic adenocarcinoma invading the prostate. 


Stromal Tumors of Uncertain Malignant Potential 
and Stromal Sarcomas 


Introduction 


Prostatic stromal tumors arising from the specialized prostatic 
stroma are rare and distinct tumors with diverse histologic pat- 
terns. In the past, these tumors have been reported under a variety 
of terms including atypical stromal (smooth muscle) hyperpla- 
sia, phyllodes type of atypical stromal hyperplasia, phyllodes 
tumor, and cystic epithelial-stromal tumors. As the phyllodes 
“leaf-like” pattern is only seen in a subset of both benign and 
malignant stromal tumors, it is preferable to designate stro- 
mal tumors of the prostate in more general descriptive terms 
as STUMPs and stromal sarcomas, as has also been recom- 
mended by the 2004 World Health Organization Classification 
of Tumours of the Urinary System and Male Genital Organs.* 


Clinical Features 


STUMPs have been reported to occur between the ages of 
27 and 83 years, with a median age of 58 years and a peak 


incidence in the sixth and seventh decades.''*'” Patients 
present most commonly with lower urinary tract obstruction, 
followed by an abnormal digital rectal examination, hematu- 
ria, hematospermia, rectal fullness, a palpable rectal mass, or 
less commonly elevated serum PSA levels. 

In contrast to STUMPs, stromal sarcomas tend to affect 
a slightly younger population, with a reported age range of 
25 to 86 years. Approximately half of all reported cases of 
stromal sarcoma occur before the age of 50 years. Stromal 
sarcomas may arise de novo or may exist in association with 
either a preexistent or a concurrent STUMP. 


Pathology 


On gross examination, STUMPs appear white-tan and may 
demonstrate a solid or solid-cystic pattern with smooth- 
walled cysts filled with bloody, mucinous, or clear fluid. 
These tumors may involve either the transition zone or the 
peripheral zone and may range in size from microscopic 
lesions (which are typically incidentally found) to large, cys- 
tic lesions up to 15 cm in size. Stromal sarcomas manifest as 
predominantly tan-white, solid, fleshy lesions ranging in size 
from 2 to 18 cm. Occasionally, areas of edema, hemorrhage, 
or small cysts may be identified. 

Microscopically, four patterns of STUMP have been 
described and include (1) hypercellular stroma with scat- 
tered atypical, but degenerative-appearing cells admixed 
with benign prostatic glands (Fig. 10-39); (2) hypercel- 
lular stroma consisting of bland fusiform stromal cells 
with eosinophilic cytoplasm admixed with benign glands 
(Fig. 10-40); (3) leaf-like hypocellular fibrous stroma 
covered by benign-appearing prostatic epithelium similar 
in morphology to a benign phyllodes tumor of the breast 
(Fig. 10-41); and (4) myxoid stroma containing bland stro- 
mal cells and often lacking admixed glands (Fig. 10-42). 
Cases can exhibit a mixture of the above patterns.!! 
Approximately half of all reported cases of STUMP dem- 
onstrate the first pattern of hypercellular stroma contain- 
ing atypical cells intermixed with, but not compressing, 


Figure 10-37 E A: Signet ring cell adenocarcinoma of the rectum invading the prostate. B: Signet ring cell adenocarcinoma of the 


rectum positive for CDX2. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


AS 


Chapter 10 Œ Other Tumors of the Prostate Gland and Tumors of the Seminal Vesicle 


Ee: ANS 


e prostate (STUMP 
with stromal cells showing degenerative atypia. 


Figure 10-40 E STUMP composed of hypercellular stroma 
with prominent eosinophilic cytoplasm. Figure 10-42 E Myxoid pattern of STUMP. 
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Figure 10-43 E Stromal sarcoma with storiform pattern. 


benign glands. The atypical stromal cells in these cases are 
pleomorphic and hyperchromatic, with a marked degen- 
erative appearance. Mitotic figures are typically absent 
and atypical mitoses should not be seen. Although the 
admixed glands resemble normal benign prostatic glands, 
the glands within a STUMP may appear more crowded 
than acini in the surrounding uninvolved prostate. Cases 
of STUMP demonstrating hypercellular, elongated bland 
stromal cells with admixed glands may be readily misdi- 
agnosed as cellular stroma associated with BPH, although 
the extent of hypercellularity and often more eosinophilic 
nature of the cytoplasm is unique. The benign, phyllodes 
pattern of STUMP may also contain atypical, degenera- 
tive-appearing stromal cells and may be associated with a 
variety of benign epithelial proliferations, including basal 
cell hyperplasia, adenosis, and sclerosing adenosis.!!? 


A RA $ 


numerous mitotic figures (arrow). 


Finally, the myxoid pattern of STUMP may be confused 
with stromal nodules of BPH, although the myxoid pattern 
of STUMP consists of extensive sheets of myxoid stroma 
without the nodularity identified in BPH. Occasionally the 
extensive myxoid stroma is admixed with benign prostate 
glands. 

Microscopically, stromal sarcomas demonstrate either a 
solid growth of neoplastic stromal cells, which may have 
storiform, epithelioid, fibrosarcomatous, or patternless pat- 
terns, or may infiltrate between benign prostatic glands (Figs. 
10-43 and 10-44). Less commonly stromal sarcomas may 
demonstrate leaf-like glands with underlying hypercellular 
stroma, which is also termed malignant phyllodes tumor 
(Fig. 10-45). Stromal sarcomas have one or more of the fol- 
lowing features within the spindle cell component: hyper- 
cellularity, cytologic atypia, mitotic figures, and necrosis. 


Figure 10-45 E A: Malignant phyllodes pattern of stromal sarcoma. B: Higher magnification of malignant phyllodes tumor with 


increased stromal cellularity beneath benign prostatic glands. 
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Stromal sarcomas may additionally be subclassified into low 
and high grades with high-grade tumors defined by moder- 
ate-marked pleomorphism and hypercellularity often with 
increased mitotic activity and occasional necrosis. Rarely, 
adenocarcinomas of the prostate can involve a stromal 
sarcoma. 


Ancillary Studies 


Immunohistochemical studies can be useful in differentiat- 
ing stromal tumors from other prostatic spindle cell lesions 
but are not useful in distinguishing STUMP from stromal 
sarcoma, which relies on morphologic grounds alone. Most 
cases of STUMP and stromal sarcomas are positive for 
CD34 and vimentin and variably positive for SMA and des- 
min (Table 10-4). Progesterone receptor is frequently pres- 
ent on immunostaining, although estrogen receptor is less 
commonly positive. CKIT and S100 have been negative in 
all cases examined. In a subset of cases studied, pancyto- 
keratin and CAMS.2 stains were negative. 


Differential Diagnosis 


Sarcomatoid carcinoma: Can overlap with stromal sarcoma 
as both show a proliferation of malignant spindle cells. In 
sarcomatoid carcinoma, however, there is either an associ- 
ated acinar adenocarcinoma component or a known history 
of prostatic adenocarcinoma with radiation or hormonal 
therapy. In addition, the spindle cells are usually positive for 
cytokeratins HMWK, CK5/6, p63. 

Prostatic hyperplasia: Can overlap with STUMP with 
hypercellular stroma. However, in contrast to BPH, this pat- 
tern of STUMP is not associated with the typical small hya- 
linized blood vessels seen with BPH. In addition, stromal 
cells of STUMP in this pattern have a distinctive eosino- 
philic cytoplasm. STUMPs with degenerative atypia may 
also have florid glandular proliferations mimicking BPH. 
The key is to recognize scattered stromal cells with atypi- 
cal but degenerative nuclei. The myxoid pattern of STUMP 
can also be misdiagnosed as BPH. In contrast to BPH, 
this pattern of STUMP is not associated with the typical 


Table 10-4 m IMMUNOHISTOCHEMISTRY 


IN DIFFERENTIAL DIAGNOSIS OF GIST ON 
PROSTATE BIOPSY 


Smooth 
Muscle 
Antibody GIST SFT STUMP Schwannoma Tumor 


C-KIT ia 2 2 z 


CD34 + + + +/- - 
$100 - - - + - 
Actin +/- - +/- - + 
Desmin - - +/- - + 


—, <10% of tumors positive; +/—, 10% to 50% of tumors positive; +, 
>50% of tumors positive. 


small hyalinized blood vessels seen with BPH and con- 
sists of sheets and sheets of myxoid stromal cells without 
nodularity. 

Smooth muscle tumors: Leiomyosarcoma is the most 
common sarcoma involving the prostate. It usually shows 
a distinctive fascicular pattern of growth and typical cigar- 
shaped nuclei and deeply eosinophilic cytoplasm, which 
are not typically seen in stromal sarcomas. In contrast to 
stromal sarcomas, CD34 is negative while desmin and 
caldesmon are strongly positive. However, PR can be posi- 
tive and is therefore not very useful in that context, except 
if totally negative, which goes against a tumor of prostatic 
stromal origin. 

GISTs: Are very rare and characteristically show a rela- 
tively bland fascicular spindle cell tumor with nuclear palisad- 
ing and perinuclear vacuoles, and diffuse and strong staining 
for CD117 and DOGI. Of note is that CD34 can be positive, 
and is thus not helpful in differentiation from stromal tumors. 


Prognosis and Treatment 


Although STUMPs are generally considered to represent a 
benign neoplastic stromal process, a subset of STUMPs has 
been associated with stromal sarcoma on concurrent biopsy 
material or has demonstrated stromal sarcoma on repeat biopsy, 
suggesting a malignant progression in at least some cases 
(Fig. 10-46). There appears to be no correlation between the 
pattern of STUMP and association with stromal sarcoma. As 
most STUMPs are confined to the prostate and rarely progress 
to sarcoma, STUMPs are in general associated with a good 
prognosis. The variability in behavior of STUMPs and stromal 
sarcomas, and their occasional coexistence, leads to challenges 
in patient management. Although many STUMPs may behave 
in an indolent fashion, their unpredictability in a minority 
of cases and the lack of correlation between different histo- 
logic patterns of STUMPs and sarcomatous dedifferentiation 


CRAVE Fp eels Seana 


Figure 10-46 E Needle biopsy of the prostate with high-grade 
stromal sarcoma (below) and STUMP with degenerative atypia 
(above). 
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Figure 10-47 E Stroma sarcoma on prostate needle biopsy. 
Note atypical mitotic figure (arrow). 


warrant close follow-up and consideration of definitive resec- 
tion in younger individuals. Factors to consider in deciding 
whether to proceed with definitive resection for STUMPs 
diagnosed on biopsy include patient age and treatment prefer- 
ence, presence and size of the lesion on rectal exam or imaging 
studies, and extent of the lesion on tissue sampling. Careful 
review for atypical mitotic figures in what otherwise might 
appear to be a STUMP with degenerative atypia is essen- 
tial so as not to underdiagnose a stromal sarcoma on needle 
biopsy (Fig. 10-47). Expectant management with close clinical 
follow-up could be considered in an older individual with a 
limited lesion on biopsy where there is no lesion identified on 
digital rectal exam or on imaging studies. 

Stromal sarcomas can extend out of the prostate and 
metastasize to distant sites, such as bone, lung, abdomen, 
and retroperitoneum. 


Inflammatory Myofibroblastic Tumor 
Introduction 


This spindle cell lesion has been described using a variety of 
terms in the literature, including pseudosarcomatous fibro- 
myxoid tumor, inflammatory pseudotumor, and IMT. In the 
past, similar lesions that appeared following TURP for nodu- 
lar hyperplasia were called postoperative spindle cell nodule. 
Due to significant overlapping morphologic, immunohisto- 
chemical, and molecular features, all similar lesions are cur- 
rently considered to be the same and are called IMTs, whether 
a previous history of instrumentation is present or not. 


Clinical Features 


Most cases have been reported in men ranging from 42 to 
67 years of age. The lesions range in size from small measuring 
<1 cm, which can be discovered incidentally on TURP speci- 
mens, to large lesions, which can cause obstructive symptoms. 


Pathology 


Similar to IMTs in other sites, prostatic IMT are composed 
of intersecting fascicles of spindle cells with haphazard 
arrangement and tissue culture—like background. Associated 
granulation tissue—type vascularity, extravasated red blood 
cells, and inflammatory cells are typical features. Prominent 
myxoid changes can also be seen. The spindle cells have 
abundant long tapering cytoplasm and elongated uniform 
nuclei that display fine chromatin and one or two distinct 
nucleoli. Mitoses may be seen but atypical mitotic figures are 
not. These lesions may be infiltrative into and even through 
the muscularis propria. 


Ancillary Studies 


IMTs commonly coexpress cytokeratins (low molecular 
weight form, pancytokeratin) and SMA. They are typically 
negative for HMWK and CKS5/6, and two-thirds express 
ALK. Desmin reactivity is variable but caldesmon is usually 
negative. 


Differential Diagnosis 


The typical cytomorphologic and immunohistochemical 
features of IMT are usually very helpful in distinguishing 
them from malignant spindle cell tumors, namely, sarco- 
matoid carcinoma, leiomyosarcoma, and stromal sarcoma. 
One should, however, be familiar with the several atypical 
morphologic features that can be seen in IMTs in order not 
to overdiagnose them as malignant tumors. Those include 
hypercellularity, infiltrative pattern of growth, necrosis, 
and increased mitotic activity, although atypical mitotic 
figures are not seen. In addition, tumor cells may occasion- 
ally show strong keratin expression. In sarcomatoid carci- 
noma, there is usually an associated acinar adenocarcinoma 
component or a known history of prostatic adenocarcinoma 
with radiation or hormonal therapy. IMT features that are 
distinctive from sarcomatoid carcinoma include the tissue 
culture appearance, the typical granulation tissue—type vas- 
cularity and associated inflammatory cells, and the lack of 
marked nuclear pleomorphism and hyperchromasia. IMTs 
express ALK in two-thirds of cases in contrast to sarco- 
matoid carcinoma cells, which are negative. In comparison 
to IMTs, leiomyosarcomas show a more organized pattern 
of growth with the interlacing fascicular pattern typical 
of smooth muscle tumors. Cells of leiomyosarcoma have 
deeply eosinophilic cytoplasm and show usually high-grade 
cytologic features with hyperchromatic nuclei and numer- 
ous mitotic figures. In contrast to IMTs, they are strongly 
positive for caldesmon and negative for ALK. Stromal sar- 
comas are also overtly malignant tumors and display posi- 
tive CD34 and PR staining and negative staining for ALK 
and SMA. Table 10-5 includes a detailed morphologic and 
immunohistochemical comparison of entities with myxoid 
stroma that overlap with IMT. 
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Prognosis and Treatment 


Most IMTs follow a benign course, although incomplete excision 
may lead to recurrence. Lesions may extend outside of the pros- 
tate and may require definitive cure with radical prostatectomy. 


Blue Nevus 


Blue nevus may rarely involve the prostate with 28 reported 
cases to date.''* They are usually an incidental finding detected 
either in prostatectomy specimens or in autopsy material. 
The gross appearance generally consists of multiple brown 
to black streaks or nodules that can range in size from 0.1 to 
2.0 cm. Microscopically, they are composed of stromal cells 
that contain finely granular brown or black pigment, which 
may also be seen in the extracellular matrix. The cells can 
extensively infiltrate the surrounding fibromuscular stroma 
individually or as irregularly clustered collections. The pig- 
ment-laden cells are usually spindle in shape with bipolar, 
elongated dendritic cytoplasmic processes; they can also be 
round, ovoid, or polygonal. The nuclei have been described as 
centrally located and often obscured by the abundant mela- 
nin present in the cytoplasm. Cells are positive for S100 and 
usually lack HMB-45 expression. Another potentially useful 
immunostain is CD68, which in contrast to the staining in 
hemosiderin-laden macrophages is negative. Distinction of 
melanin from lipofuscin or hemosiderin is usually done on 
morphologic grounds alone. Blue nevus should also be dis- 
tinguished from malignant melanoma that has overt malig- 
nant features and in which cells express HMB-45. Blue nevi 
are benign lesions that do not progress to melanoma. !!4 


Leiomyoma 


It is difficult to diagnose a leiomyoma of the prostate, mainly 
because it is difficult to distinguish from a stromal nodule 
of hyperplasia (Fig. 10-48).!!5 Both entities may contain 


be considered small leiomyoma or smooth muscle nodule of nodu- 
lar hyperplasia. 


Figure 10-49 E Leiomyoma of the prostate with low 
cellularity and degenerative atypia. 


abundant smooth muscle, although leiomyomas typically 
demonstrate well-organized fascicles and may have other 
degenerative features such as hyalinization and calcification 
that are not commonly seen in stromal nodules. Large single 
leiomyomas that are symptomatic are rare.!!*!'7 Leiomyomas 
demonstrate virtually no mitotic activity and minimal to 
no nuclear atypia, with the exception of occasional scat- 
tered degenerative nuclei in a normocellular background 
(Fig. 10-49). The vast majority of leiomyosarcomas of the 
prostate are high-grade tumors with necrosis, pleomorphism, 
and mitosis, which makes the distinction from leiomyomas 
straightforward. However, low-grade leiomyosarcomas exist, 
and those are distinguished from leiomyomas by a moderate 
amount of atypia, focal areas of increased cellularity, scat- 
tered mitotic figures, and/or a focally infiltrative growth pat- 
tern around benign prostatic glands at the periphery. 


Solitary Fibrous Tumor 
Introduction 


There are fewer than 20 cases of solitary fibrous tumor (SFT) 
involving the prostate reported as single cases and one series 
of 12 cases.''® Some older reported cases of hemangioperi- 
cytoma of the prostate may also be classified as SFT. 


Clinical Features 


Prostatic SFTs have been reported in patients ranging in age 
from 21 to 75 years and the most common clinical findings 
include lower urinary retention, urinary frequency, dysuria, 
constipation, incontinence, and groin pain. 


Pathology 


These tumors have a broad size distribution, ranging from 2 to 
14cm, with many reported to be >5 cm. Microscopically, pros- 
tatic SFTs appear similar to those identified in extraprostatic 
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Figure 10-50 W Solitary fibrous tumor invading the prostate. 


sites. Uniform spindle cells with bland nuclei are arranged 
in a “patternless” pattern in a background of variable ropy 
collagen (Figs. 10-50 and 10-51). Many cases demonstrate a 
hemangiopericytomatous appearance. Admixed prostatic tis- 
sue is not commonly associated with these lesions. 


Ancillary Studies 


Immunohistochemistry generally reveals diffuse reactivity 
for CD34, vimentin, and BCL2, although rare SFTs may 
lack some of these markers. Staining for CD99, beta-catenin, 
p53, SMA, and muscle-specific actin have also been reported. 
These tumors are typically negative for pancytokeratin, S100, 
and CD117 CKIT (Table 10-4). 


Prognosis 


None of the prostatic SFTs have behaved in an aggressive 
fashion. However, based on the behavior of SFTs in other sites 
and the finding of hypercellularity, pleomorphism, necrosis, 


Figure 10-51 W Solitary fibrous tumor with prominent 
hemangiopericytomatous pattern invading the prostate. 


and infiltrative margins in some prostatic SFTs, careful long- 
term clinical follow-up is warranted regardless of their his- 
tology (Fig. 10-52). It is preferable not to designate them as 
“benign” or “malignant,” but rather note whether there are 
any features particularly worrisome for aggressive behavior. 


Leiomyosarcoma 
Introduction 


Sarcomas of the prostate account for 0.1% to 0.2% of all malig- 
nant prostatic tumors.'!? Leiomyosarcoma is the most common 
sarcoma involving the prostate in adults, yet is still rare. 


Clinical Features 


Leiomyosarcoma affects men between the ages of 40 and 
78 years. It most frequently presents with urinary obstruction, as 
well as perineal/pelvic pain, urinary frequency, hematuria, con- 
stipation, rectal pain, and pain or burning on ejaculation. !!°!20 


Pathology 


Lesions range in size from 3 to 21 cm. Microscopically, 
these hypercellular lesions are composed of intersecting 
bundles of spindle cells with moderate to severe atypia 
(Fig. 10-53). The vast majority of leiomyosarcomas in the 
literature have been high-grade with frequent mitoses and 
necrosis, although we have also seen rare cases of low-grade 
prostatic leiomyosarcoma."?! As opposed to some stromal 
sarcomas, leiomyosarcomas lack admixed normal glands, 
except entrapped glands at the periphery. 


Ancillary Studies 


Leiomyosarcomas commonly express vimentin, actin, and 
desmin. Cytokeratin expression is observed in about one- 
quarter of cases.!”° In addition, some leiomyosarcomas have 
been reported to express the progesterone receptor, similar 
to STUMPs and stromal sarcomas!” (Table 10-4). 


Prognosis and Treatment 


Patients with leiomyosarcoma commonly have a poor out- 
come, with the clinical course characterized by multiple 
recurrences. The majority (50% to 75%) of patients die 
from disease within 2 to 5 years with metastatic spread most 
commonly to the lungs, often several years following ini- 
tial diagnosis. In the study by Sexton et al.,!° the progno- 
sis for leiomyosarcoma of the prostate, as for sarcomas of 
the prostate in general, was not dependent on stage, with 
the exception of a better prognosis for those men who pre- 
sented without distant metastases. The only other variable 
that these authors found to be predictive of a favorable prog- 
nosis was complete surgical resection with microscopically 
negative margins. Optimal treatment requires a multimodal 
approach rather than surgery alone. The survival of patients 
with isolated local recurrences may be prolonged with sal- 
vage surgery. 
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Gastrointestinal Stromal Tumor 
Clinical Features 


Patients range in age from 42 to 65 years and present with 
urinary obstructive symptoms, rectal fullness, and abnormal 
digital rectal examination.'* Although GIST lesions may clin- 
ically present as primary prostatic processes on imaging stud- 
ies and clinical exam, such cases are typically large masses 
arising from the rectum or perirectal space that compress but 
do not invade the prostate (Fig. 10-54). Exceptionally, they 
may also invade the prostate. Most cases of “prostatic” GISTs 
are sampled on prostatic needle biopsy, although we have seen 
one case sampled on a transurethral resection. There is only 
one prior case reported in the English literature of a GIST that 
appeared to be localized to the prostate based on computed 
tomography and magnetic resonance imaging.'*4 This patient 
presented simultaneously with multiple liver metastases and 
the prostatic mass was not resected. It is doubtful whether this 


| gl\ ee 7 
hs | a 
X d P 


PERAR h 


Figure 10-53 E Leiomyosarcoma of the prostate. 


neoplasm was truly a prostatic primary, as studies have dem- 
onstrated that imaging studies cannot reliably determine the 
origin of large GISTs. Consequently, to date there is no fully 
documented example of a GIST arising within the prostate. 
Typically, GIST is not considered in the differential diagnosis 
of spindle cell lesions of the prostate, although the unique 
management of these tumors underscores the importance of 
recognizing these tumors. Misdiagnosis of GISTs involv- 
ing the prostate is not uncommon, and several patients have 
undergone pelvic exenteration, irradiation, and chemotherapy 
for a misdiagnosis of pelvic sarcoma.” 


Pathology 


Tumor size ranges from | to 14 cm. Microscopically, “pros- 
tatic” GISTs are morphologically identical to those found 
within the gastrointestinal tract. GIST is composed of 
spindled cells with a fascicular growth pattern (Fig. 10-55). 
Additional histologic findings include focal epithelioid fea- 
tures, focal dense collagenous stroma, areas with a pattern- 
less pattern, and perinuclear halos. When present, a fascicular 
or palisading growth pattern and perinuclear vacuoles along 
with a lack of collagen deposition aids in the discrimination 
of GIST from SFT and STUMP. 


FIGURE 
adherent to the prostate (left). 


10-54 E Gastrointestinal stromal tumor (right) 
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Figure 10-55 E A: GIST on prostate needle biopsy. B: Positivity for CD117 (c-kit) in GIST on prostate biopsy. 


Ancillary Studies 


CD117/CKIT is uniformly expressed in all cases and CD34 is 
positive in almost all cases studied (Fig. 10-55) (Table 10-4). 
S100, desmin, and SMA are negative. On prostate biopsy, 
it may be difficult to distinguish a GIST from other spindle 
cell tumors due to limited material. Consequently, prior to 
rendering a diagnosis of SFT, schwannoma, leiomyosar- 
coma, or stromal sarcoma, GIST should be considered in 
the differential diagnosis. Furthermore, immunostains for 
CD117 should be performed to verify the diagnosis. CD34 
is not discriminatory as it is positive in GISTs, SFTs, and 
specialized prostatic stromal tumors, and variably positive in 
schwannomas. Strong positive staining for desmin can help 
discriminate smooth muscle tumors from the other lesions. 
Similarly, positive immunoreactivity to S100 may aid in 
diagnosing neural tumors. SMA is typically expressed in 
smooth muscle tumors, and is variably positive in STUMPs 
and GISTs and typically negative in SFT and schwannoma. 


Prognosis and Treatment 


Tumors with malignant potential show elevated mitotic rates 
of >5 per 50 HPF, cytologically malignant features (high cellu- 
larity and overlapping nuclei), or necrosis. A subset of patients 
treated with the CKIT tyrosine kinase inhibitor imatinib 
(Gleevec) following the diagnosis of “prostatic” GIST demon- 
strated a subsequent reduction in tumor size.!'” No long-term 
follow-up is currently available on these patients to determine 
if the biologic behavior of GISTs secondarily involving the 
prostate is different than that described in other sites. 


Rhabdomyosarcoma 
Clinical Features 


The vast majority of rhabdomyosarcomas of the prostate occur 
in the pediatric population with an average age at diagnosis 
of 5 years.'”°!?7 There are <20 prostatic rhabdomyosarcomas 
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that have been reported in adults ranging in age from 
17 to 68 years. 12812 


Pathology 


Because of their large size at the time of diagnosis, distinction 
between rhabdomyosarcoma originating in the bladder and that 
originating in the prostate may be difficult. Histologically, most 
prostate rhabdomyosarcomas are of the embryonal subtype 
and are considered to be of favorable histology (Figs. 10-56 
and 10-57). A single case of the botryoid subtype of embryo- 
nal rhabdomyosarcoma has also been reported. Embryonal 
rhabdomyosarcomas of the prostate are similar to those seen 
in other organs and may assume a wide variety of histologic 
patterns. Embryonal rhabdomyosarcoma cells may vary from 
primitive cells with scant cytoplasm to more well-differenti- 
ated tumors with abundant eosinophilic cytoplasm in which 
cross striations may be seen by light microscopy. Embryonal 
rhabdomyosarcomas may also assume a cellular spindle cell 
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Figure 10-57 E Embryonal rhabdomyosarcoma with occa- 
sional strap cells (arrow) infiltrating the prostate. 


appearance with a tendency to encircle preserved prostatic 
glands or a myxoid growth pattern. The use of immunohis- 
tochemical, ultrastructural, and molecular techniques may 
be useful in the diagnosis of embryonal rhabdomyosarcoma 
involving the prostate. It is important to identify those rare 
cases of alveolar rhabdomyosarcoma involving the prostate, 
since this histologic subtype is unfavorable and necessitates 
more aggressive chemotherapy. 


Prognosis 


With chemotherapy, the few patients with localized disease 
(stage 1) or microscopic regional disease (stage 2) stand an 
excellent chance of being cured. The usual therapy for local- 
ized disease is to biopsy or partially excise the tumor, fol- 
lowed by intensive chemotherapy and radiotherapy. If tumor 
persists despite several courses of this therapy, then radi- 
cal surgery is performed. Most patients present with stage 
3 disease, in which there is gross residual disease following 


A 


Figure 10-59 E Vasoformative angiosarcoma infiltrating the 
prostate. 


incomplete resection or biopsy. While the majority of patients 
with gross residual disease (stage 3) have remained without 
evidence of disease for a long period of time, approximately 
15% to 20% die of their tumor. A smaller but significant pro- 
portion of patients present with distant metastases. The prog- 
nosis for patients with metastatic tumor (stage 4) is more 
dismal, with most patients dying of their tumor. 


Miscellaneous Mesenchymal Tumors 


Other rare mesenchymal lesions of the prostate are hemangi- 
oma,'*! chondroma,'*” cartilaginous metaplasia," malignant 
peripheral nerve sheath tumor,'** schwannoma," chon- 
drosarcoma,'*® synovial sarcoma (Fig. 10-58),'37! granu- 
lar cell tumor,!*? angiosarcoma (Figs. 10-59 and 10-60),'! 
neurofibroma,'*? malignant fibrous histiocytoma,!!?'43-'45 
and hemangiopericytoma.'*° The one case reported of an 
osteosarcoma was in a patient with a prior history of ade- 
nocarcinoma of the prostate treated with radiotherapy and 
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Figure 10-58 E A: Synovial sarcoma on TURP. B: Higher magnification of prostatic monophasic synovial sarcoma. 
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Figure 10-60 E A: Poorly differentiated angiosarcoma involving the prostate. B: Strong CD31 immunostaining of prostatic 
angiosarcoma. 


most likely represents a sarcomatoid carcinoma with an 
osteogenic sarcoma component." 


Cystadenoma (Multilocular Cyst) 
Introduction 


There have been rare reports of multilocular cystic lesions 
between the bladder and the rectum, which may be separate 
from the prostate or attached to it by a pedicle. These masses 
can grow up to 20 cm in diameter. 5 


Clinical Features 


Patients present usually present in the late 50s with obstruc- 
tive urinary symptoms with or without a palpable abdominal 
mass. The mass is usually palpable by digital rectal examina- 
tion. Serum PSA levels may be elevated. 


Pathology 


Microscopically, the cysts are lined by atrophic prostatic epi- 
thelium, which reacts with prostatic markers and show the 
lack of basal cells’ immunostaining, leading to a potential 
erroneous diagnosis of carcinoma on needle biopsies. Focal 
papillae and even cribriform architecture have been reported 
within the cysts, and in one case multifocal HGPIN was 
found in the cysts.!” 


Differential Diagnosis 


Nodular hyperplasia, stromal tumor of uncertain malignant 
potential (STUMP), cystadenocarcinoma, and retrovesical 
and retroperitoneal multilocular tumors such as multilocular 
peritoneal inclusion cysts, lymphangiomas, miillerian duct 
cysts, and seminal vesicle cysts should be considered in the 
differential diagnosis. Cystadenomas lack the leaf-like pro- 
jections of STUMP, and the other multilocular tumors can be 
excluded based on the prostatic epithelial lining in the cyst- 
adenoma. The distinction of intraprostatic multilocular cyst 
from cystic nodular hyperplasia may be difficult, and the 


diagnosis of intraprostatic cystadenoma should be restricted 
to cases where one-half of the prostate resembles normal 
prostatic tissue and the remaining prostate is enlarged by a 
solitary encapsulated nodule composed of epithelium and/ 
or cysts.!°° Before diagnosing an intraprostatic cystadenoma 
one must first exclude a STUMP with prominent epithelial 
proliferation.''’ Cystadenocarcinoma can be separated from 
cystadenoma based on malignant-appearing lining epithe- 
lium, which is often a papillary adenocarcinoma. 


Prognosis and Treatment 


Those lesions may recur if incompletely excised and may 
require extensive surgery because of their large size and 
impingement on surrounding structures. 


TUMORS OF THE SEMINAL VESICLE | 


Cystadenoma 
Clinical Features 


Cystadenoma is a rare benign tumor of the seminal vesicles. '®' 


Patients range in age from 37 to 66 years and may be asymp- 
tomatic or symptomatic with bladder outlet obstruction. 
Ultrasound may reveal a complex, solid-cystic pelvic mass. 


Pathology 


Microscopically, cystadenomas are well circumscribed 
and contain variably sized glandular spaces with branch- 
ing contours and cysts surrounded by a spindle cell stroma. 
The glands contain pale intraluminal secretions, and are lined 
by one or two layers of cuboidal to columnar cells. No sig- 
nificant cytologic atypia, mitotic activity, or necrosis is seen. 


Prognosis 


The tumor has a benign outcome but may recur after incom- 
plete resection. 
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Adenocarcinoma 
Clinical Features 


Primary adenocarcinomas of the seminal vesicle are rare 
with an approximate number of 55 published cases.!5>!5 The 
mean age is 62 years (range 24 to 90 years). Patients usually 
present with obstructive uropathy due to a nontender perirec- 
tal mass and less commonly hematuria or hematospermia. 
Serum carcinoembryonic antigen may be elevated. 


Pathology 


Grossly, the tumors are usually large (3 to 5.0 cm) and often 
invade the bladder, ureter, or rectum. Microscopically, the 
tumors have nonspecific histologic features with papillary, 
trabecular, and glandular patterns and varying degrees of 


differentiation (Figs. 10-61 and 10-62). Rarely, tumors may — Figure 10-61 E Seminal vesicle adenocarcinoma with pap- 
be undifferentiated, or may produce abundant extracelluar  illary formation. 


esr. Y BNO 
> AS (Bx s Fe 


oe “T°, E PR y 
D? (7 t+ “f 5 
P ar y i 
a ae E è s 
9 q > 


K A Se 4 


Figure 10-62 E A: Seminal vesicle adenocarcinoma. 
B: Papillary seminal vesicle adenocarcinoma without mucin for- 
mation. C: Seminal vesicle adenocarcinoma with gland formation. 
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Figure 10-63 E Seminal vesicle adenofibroma. 


mucin (colloid carcinoma). The diagnosis requires exclusion 
of secondary involvement by carcinomas of the prostate, 
bladder, or rectum, based on clinical information and immu- 
nohistochemistry. Normal seminal vesicles and seminal 
vesicle adenocarcinomas are positive for CEA and CK7 and 
negative for PSA, PAP, and CK20. 


Prognosis and Treatment 


The prognosis of primary seminal vesicle adenocarcinoma 
is poor. Most patients present with metastases and in 95% of 
patients the survival is <3 years 


Mixed Epithelial-Stromal Tumors 


Mixed epithelial-stromal tumors are extremely rare neo- 
plasms composed of both neoplastic epithelial and stromal ele- 
ments.!™ Less than 25 cases have been reported and the mean 
age at presentation is 51 years. Presenting symptoms include 
obstructive urinary symptoms, abdominal pain, constipation, 
and painful ejaculation. They range in biologic behavior from 
benign, such as adenofibroma and adenomyoma, to low- 
grade and high-grade malignant mixed epithelial-stromal 
tumors, with the grade determined based on stromal cellular- 
ity, atypia, mitoses, and necrosis (Fig. 10-63). 


Sarcomas 


Sarcomas of the seminal vesicle are even rarer than carcino- 
mas. As with carcinomas, many of the published cases are 
poorly documented in terms of both the origin of tumor and 
the histologic subtype. Well-documented cases of angiosar- 
coma and leiomyosarcoma of the seminal vesicles have been 
reported!*>!°¢ (Fig. 10-64). 


Miscellaneous 


Rare primary germ cell tumors of the seminal vesicle such 
as seminoma and choriocarcinoma have been reported. 157158 
These probably arise from germ cells entrapped there during 
fetal development. 


Figure 10-64 E Leiomyosarcoma primary in the seminal 
vesicle (lower left). 
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Nonneoplastic Lesions of the Testis 


FERRAN ALGABA, MUKUL K. DIVATIA, ALBERTO G. AYALA, and JAE Y. RO 


TESTICULAR EMBRYOLOGY | 


Genetic Mechanisms Regulating Testicular 
Development and Sex Determination 


Although multiple genes play a role in testicular differen- 
tiation, the two genes of prime importance are NR5A1 and 
WT-1 (Wilms tumor gene). NR5A1 is located on chromo- 
some 9q33.3 and comprises seven exons with a gene prod- 
uct known as SF-1 (steroidogenic factor 1). SF-1 is initially 
recovered from the Sertoli cells of the sex cords, but it is 
localized to the Leydig cells during later developmental 
stages.' It enhances the expression of anti-miillerian hormone 
(AMH) and plays a role in regulation of the AMH gene. A 
female phenotype is found in 46XY subjects with a heterozy- 
gous deletion of NRSA1 along with other features including 
adrenal failure in the first months after birth, persistence of 
normal miillerian structures and maldeveloped gonads com- 
prising poorly differentiated tubules with abundant connec- 
tive tissue stroma. The neonatal phenotype is not a reliable 
predictor of virilization at puberty. Male gender assignment in 
poorly virilized cases at birth may allow spontaneous puberty 
without signs of hypogonadotropic hypogonadism, and pos- 
sibly fertility. Patients with SF-1 mutations are at increased 
risk for malignant germ cell tumors. Early orchidopexy and 
germ cell tumor screening are mandated in the presence of 
preserved gonads. In cases where premalignant and/or malig- 
nant changes are identified, gonadectomy with or without 
possible irradiation constitutes the modality of treatment.’ 
Adrenal failure is the sole presenting feature in patients with 
46XX since SF-1 does not influence ovarian development. 
These disorders aid in highlighting the significant position 
of NRSA1 expressed in the primitive urogenital ridge, which 
differentiates into the gonads and adrenal glands. 

WTI is located on chromosome 11p13 and contains 
10 exons with alternative splicing sites in introns 5 and 9. The 
splicing of intron 9 can result in KTS+ (three amino acids 
viz. lysine, threonine, and serine) or KTS— isoforms. Normal 
gene expression mandates a proper balance of both isoforms. 


The WTI gene is predominantly expressed in the kidneys 
and gonads. It is responsible for stromal—epithelial transition 
and inhibition of genes encoding proliferative factors for epi- 
thelial differentiation and simultaneous activation of genes 
enhancing the process. A host of phenotypic alterations are 
observed with WT1 gene anomalies.* Loss of the KTS+ iso- 
form gives rise to Frasier syndrome characterized by 46XY 
gonadal dysgenesis, absence of Wilms tumor, and renal dis- 
ease of late-onset type.” Missense heterozygous mutations 
are manifested as Denys-Drash syndrome with partial or 
complete 46XY gonadal dysgenesis, Wilms tumor, and early- 
onset renal disease with diffuse mesangial sclerosis.° WT1 
deletions are linked to an increased propensity to develop 
Wilms tumor and variable genitourinary system manifesta- 
tions. Other genes identified in the formation of kidneys and 
gonads are LIM1 and FGF-9 (fibroblast growth factor 9). 

The signal for gonadal differentiation is initiated by the 
SRY gene on the sex-determining region of chromosome 
Y (Yp11.3) otherwise known as testis determining fac- 
tor gene.’ It is this gene that is responsible for production 
of the AMH, differentiation of Sertoli cell precursors and 
germ cells, and downstream gene regulation.’ The pathway 
of testicular differentiation is complex and involves activa- 
tion and inhibition of both autosomal and sex chromosomal 
genes. The SRY gene has been demonstrated in the nuclei 
of germ cells and Sertoli cells. It contains a single exon 
encoding a 204—amino acid protein of the central part that 
is responsible for encoding a DNA-binding domain referred 
to as high mobility group (HMG). SRY also regulates steroid 
hormonal expression and interacts with the AMH promoter 
gene.’ Mutations of SRY give rise to pure gonadal dysgen- 
esis (Swyer syndrome) or true hermaphroditism. Although 
all affected cases possess male external genitalia and testes, 
they have no miillerian structures and azoospermia. The 
karyotype of patients with the male phenotype without the 
Y chromosome is 46XX SRY+ in 80% cases and 46XX 
SRY- in 20% cases. SOX9 duplication may also be present 
in some instances. '° 
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Several other genes encode associated transcription 
factors and play a role in gonadal differentiation includ- 
ing DAX-1, SOX-8, SOX-9, LHX-9, LIM-1, and DMRT- 
1. DAX-1 (dosage-sensitive sex reversal) gene is situated 
on X chromosome and is part of the pathway for develop- 
ment of ovaries, testes, and adrenal glands. It is inhibited 
by SRY during testicular differentiation and activated during 
ovarian differentiation. DAX mutations are associated with 
decreased levels of gene expression causing nondevelop- 
ment of the adrenal cortex and hypogonadotrophic hypogo- 
nadism with normal testicular development.'' Human DAX1 
duplications result in dosage-sensitive sex reversal (DSS) 
subsequent to which individuals with a chromosomal XY 
pattern can develop as females due to gonadal dysgenesis. 
The exact mechanism of DSS-adrenal hypoplasia congen- 
ita on X, gene 1 (DAX1) action in the fetal testis is albeit 
unknown. It has been demonstrated that in fetal testes from 
XY Daxl-overexpressing transgenic mice, the expression 
of the key testis-promoting gene sex-determining region on 
Y (SRY)-box-9 (Sox9) is reduced. Also, in XY Sox9 het- 
erozygotes, in which testis development is usually normal, 
Dax! overexpression results in ovotestes, thereby indicating 
a DAX1-SOX9 antagonism. The ovarian portion of the XY 
ovotestes in a recent study was characterized by expression 
of the granulosa cell marker, forkhead box-L2, with com- 
plete loss of the Sertoli cell markers, SOX9 and AMH, and 
the Leydig cell marker CYP17A1. However, the expres- 
sion of SRY and SF-1, two key transcriptional regulators of 
Sox9, was retained in the ovarian portion of the XY ovo- 
testes. Dax1 overexpression reduced activation of TES, the 
testis enhancer of Sox9, indicating that DAX1 might repress 
Sox9 expression via TES in reporter mice. Increasing levels 
of DAX1 antagonized SF-1-, SF-1/SRY—, and SF-1/SOX9- 
mediated activation of TES in cultured cells, as a result of 
reduced binding of SF-1 to TES, thus providing a possible 
mechanism for DSS.” 

SOX-8 and SOX-9 (SRYY box 8 and 9) are linked to 
autosomal genes. SOX9 is located on chromosome 17q24. 
3q25.1 and is expressed after SRY expression in pre-Ser- 
toli cells. The protein encoded by this gene recognizes 
the sequence CCTTGAG along with other members of the 
HMG-box class DNA-binding proteins. It acts during chon- 
drocyte differentiation and, with SF-1, regulates transcrip- 
tion of the AMH gene. Functional allelic losses lead to the 
skeletal malformation syndrome (campomelic dysplasia), 
frequently with 46XY constitution with female phenotype." 
Duplication of SOX-9 results in 46XX patients with male 
phenotype.'* SOX-8 is another gene involved in AMH regu- 
lation and interacts with SF-1 through protein—protein inter- 
actions. It has been demonstrated experimentally that SOX-9 
dysfunction leads to SOX-8 expression as a replacement 
through a feedback process.'* 

Deletions in chromosome 9p'ć and 10q” result in expres- 
sion of a female phenotype in 46XY genotype cases. 
Deletions of chromosome 9p are also associated with hydro- 
nephrosis, facial malformations, and delayed development. 


In 46XY females, deletions of two genes (DMRT1 and 
DMRT2) are located on chromosome 9p24.3. Chromosome 
10q deletions are associated with genital malformations, 
mental retardation, and other systemic manifestations. 


Hormonal Control 


Multiple hormones are involved in the development of the 
male genital system at various stages, including AMH, tes- 
tosterone, dihydrotestosterone (DHT) and the pituitary gland 
hormones, follicle-stimulating hormone (FSH), and the 
luteinizing hormone (LH). 

AMH (also known as miillerian inhibitory substance, 
MIS) is a glycoprotein consisting of two identical 72-kDa 
subunits linked by disulfide bonds that is secreted by Sertoli 
cells in males and granulosa cells in females.'* Its expres- 
sion is regulated by SF-1, which is a transcriptional regulator 
of many steroid genes.!? AMH is a member of the TGF-B 
family encoded by a 2.75-kb gene situated on 19p13.2. The 
amount of AMH secreted is inversely proportional to degree 
of Sertoli cell maturation. It can be detected during the 8th 
to 9th week of gestation, and its concentration rises in the 
second trimester and decreases significantly in the third 
trimester.” Although its level rises upon birth and AMH is 
detectable during childhood, its levels decline to undetect- 
able with the onset of puberty when it is negatively regulated 
by androgens.”! 

The target sites of AMH include the genital tract, testis, 
and surrounding structures with AMH causing involution of 
the ipsilateral miillerian duct beginning from the caudal pole 
with rapid progression upward. It regulates SRY expression 
being expressed around the same time frame. The tunica 
albuginea forms through mesenchymal insertion between 
primitive sex cords and coelomic epithelium and its develop- 
ment is promoted by AMH.” This hormone presents a bar- 
rier to spermatogonia entering meiosis.” Of note is the role 
played by AMH in the development of fetal lungs.” 

Testosterone synthesis commences during the 8th week 
of gestation and is synthesized by Leydig cells, which appear 
during the 8th week of gestation and constitute approximately 
50% of the testicular volume by the 16th week.” However, 
the secretion of testosterone is regulated by hCG and LH 
levels. hCG levels are at their peak during the 11th to 18th 
weeks and fall to significantly lower levels after this dura- 
tion. This period of hCG-dependent testosterone secretion 
is crucial in terms of genital differentiation. Wolffian duct 
differentiation occurs when testosterone is secreted by the 
testis on each side and leads to differentiation of epididymis, 
ductus deferens, and seminal vesicle. Defects in androgen 
synthesis are evidenced as cryptorchidism and incomplete 
masculinization. 

The enzyme 5o-reductase acts on testosterone to produce 
DHT, which in turn is responsible for differentiation of the 
prostate along with external genitalia, male urethra, scrotum, 
and penis. The midline fusion of labioscrotal folds (day 70) to 
form the scrotum with the midline raphe is induced by DHT. 
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The penile urethra is formed by fusion of the urethral folds 
(day 74), and the genital tubercle subsequently enlarges to 
form the glans penis. The terminal urethra develops from an 
invagination of the glans tip. The prostate, urinary bladder, 
and prostatic urethra are formed from the urogenital sinus.” 

The roles played by FSH and LH gain importance toward 
the last weeks of gestation. LH levels start rising in fetal cir- 
culation during the 10th week and peak by the 18th week 
after which they decline gradually until birth. LH regulates 
fetal androgen production in the second and third trimesters. 
FSH is responsible for Sertoli cell mitogenic activity, which 
peaks at the time of delivery.” 


NORMAL TESTICULAR STRUCTURE 


Fetal Testis 


In their initial stages, germ cells acquire diverse evolution- 
ary morphologic appearances. Three types of germ cells 
have been identified, and some authors”: have proposed that 
these should be known as gonocytes (OCT4 positive, c-kit 
positive), intermediate germ cells (OCT4 low expression/ 
negative, c-kit negative), and prespermatogonia (OCT4 neg- 
ative, c-kit negative). In the first trimester, most germ cells 
have a gonocyte phenotype; however, from the 18th week of 
gestation, prespermatogonia are the most abundant cell type 
(Fig. 11-1). These data provide evidence for the functional 
differentiation of human testicular germ cells during the 
second trimester of pregnancy and argue against these germ 
cells being considered a homogeneous population. 


Prepubertal Testis 


From birth until puberty, the testicles develop continuously, 
but some phenomena permit this period to be subdivided 
into the following three phases: 


FIGURE 11-1 W Fetal testis. Solid seminiferous tubules with 


prespermatogonia and interstitial Leydig cells; 24th week of gesta- 
tion (Inset: Higher magnification). 
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Testicle Development in Newborns and Perinatal 
Period 


Testicular development in the newborn is characterized by 
solid tubules with Sertoli cells and gonocytes (centrally 
located). At 6 months after birth, there are no gonocytes 
because they have been transformed into spermatogonia by 
the testosterone from the Leydig cells.” The morphologic 
features of Leydig cells at this stage are similar to those in 
adults, without Reinke crystalloids. 


Testicle Development in Infants 


After the changes that occur in the testicle during the first 
6 months following birth, the testicle remains at rest until 
age 3 years. After this time, margination of the cells can be 
observed, which provides a pseudoluminal appearance of the 
tubules; in addition, some meiosis can be seen, which rap- 
idly stops in what appears to be cellular rests. The tubular 
cells are typically composed of Sertoli cells, undifferentiated 
cells, and some spermatogonia (Fig. 11-2). The Leydig cells 
have involuted and have decreased in number in this phase, 
with minimal levels of testosterone. 


Testicle Development in Boys 


From age 9 years onward and especially between ages 13 
and 15 years, the interstitial mesenchymal cells are defini- 
tively transformed into adult Leydig cells that produce tes- 
tosterone under the action of LH; in addition, LH stimulates 
the development of the germinal cells, growth of the tubule, 
and appearance of the central lumen.” 


Pubertal and Adult Testis 


When the testicle is totally developed, it has a supporting 
structure—the albuginea—that surrounds the testis like an 
external capsule. Between the thickened mediastinum testis 


11-2 E Infantile testis. Small solid seminiferous 
tubules. Immature Sertoli cells with undifferentiated cells and 
some spermatogonias (cells with halo). 


FIGURE 
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Table 11-1 m AVERAGE NUMBER OF CELLS PER 


TUBULE FOR VARIOUS CELLULAR SUBTYPES, 
PER TRANSVERSE TUBULAR SECTION 


Cellular Subtype Cells Per Tubule 


Sertoli cells 10.2 +2 
Spermatogonia 214+4 
Spermatocytes first order 3146 
Immature spermatids 3747 
Mature spermatids 2544 
Leydig cells 5+0.2 


area and the surface of the organ are fibrous septa that proj- 
ect toward the interior and divide the testicular parenchyma 
into about 250 segments or lobules. The albuginea has three 
layers; from outside to inside they include the external meso- 
thelial layer (tunica vaginalis testicular); the medial, rela- 
tively acellular layer with fibroblasts, myocytes, and nerve 
fibers (tunica albuginea); and the internal vascular layer 
(tunica vasculosa).*° 

The seminiferous tubules occupy 70% to 75% of the tes- 
ticular volume. Each seminiferous tubule has a closed-loop 
structure with intercommunication between the arms of the 
loop. The size varies according to the section angle. In the 
cross sections of the tubules in an adult, the average diameter 
is about 180 um. Each seminiferous tubule is composed of a 
tubular wall, Sertoli cells, and germ cells (Table 11-1). 

The tubular wall comprises five layers; they include the 
basement membrane (periodic acid—Schiff positive), the 
internal acellular layer, the internal myofibroblastic layer, 
the external acellular layer, and the external fibroblastic 
layer from the inner to the outer aspect. The innermost strata 
have contraction functions, apparently useful for intratubular 
motility, and thus mobilize the spermatozoids toward the rete 
testis or network of canals at the termination of the straight 
seminiferous tubules in the mediastinum testis.*' The elas- 
tic fibers appear in puberty, are located more externally, and 
may be lacking in dysgenetic testicles.’ 

The Sertoli cells (10.2 + 2 per tubule) have abundant 
cytoplasm with triangular nuclei and prominent nucleoli that 
extend from the basal membrane to the tubular lumen. Sertoli 
cells express vimentin and have the greatest metabolic activ- 
ity of all cells in the entire tubule since they induce the pro- 
cess of differentiation and the maturation of spermatocytes, 
regulate the maturation of the Leydig cells, secrete inhibin, 
and produce tubular fluid.’ These cells have strong desmo- 
somal junctions in their lower portions and weak ones in 
their upper portions.** Sertoli cells synthesize and secrete a 
large variety of factors: proteins, cytokines, growth factors, 
opioids, steroids, prostaglandins that explain the presence of 
endoplasmic reticulum smooth and rough type and a promi- 
nent Golgi apparatus. 

The germ cells progressively mature from spermatogonia 
to their final mature forms within 70 to 74 days. From the 
morphologic point of view, 13 distinct types of germ cells 


Figure 11-3 W Adult testis. Mature Sertoli cells (with tri- 
angular nuclei and prominent nucleoli). Normal spermatogenesis 
with spermatogonia (cells with perinuclear halo near the seminifer- 
ous wall), spermatocytes of first order (filamentous nuclei), sper- 
matocytes of second order, and immature spermatids (cells with 
small nuclei). Mature spermatids (elongated nuclei, some with sub- 
nuclear vacuole). 


can be identified, but at the typical light microscopic level, 
only the following principal levels of maturation are recog- 
nized (Fig. 11-3): 


1. Spermatogonia (21.4 + 4 per seminiferous tubule), 
located near the tubular wall, are placed in rows, with 
round nuclei, regular chromatin, and a perinuclear halo. 


2. Spermatocytes (31 + 6 per tubule) of the first order 
have nuclei with filamentous chromatin because of 
their involvement in meiosis. The spermatocytes of sec- 
ond order are not recognized because they have a very 
short average life (about 8 hours),”? and since they are 
already haploid cells, they have very small nuclei that 
cannot be distinguished with certainty from the immature 
spermatids. 


3. Immature spermatids (37 + 7 per tubule) are cells with 
central nuclei with lymphoid characteristics and some- 
what abundant and clear cytoplasm. 


4. Mature spermatids (25 + 4 per tubule), the last matur- 
ing phase that we can recognize, are located near the 
tubular lumens and have elongated nuclei with scanty 
cytoplasm. 


The order of these germ cells in the tubule is apparently 
irregular, but for some time it has been recorded that 
there are six distinct stages,’ a consequence of a helicoi- 
dal ordering throughout the tubule. These stages of sper- 
matogenesis are defined as a characteristic association of 
germ cells representing several waves of spermatogenesis 
that occur simultaneously within the seminiferous tubules. 
Each stage has a specific duration, and the groups always 
occur in the same order, so that once the complete cycle is 
finalized it begins again.” During the maturation process, 
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Figure 11-4 E Adult testis. Normal Leydig cells around cap- 


illary vessels with abundant eosinophilic cytoplasm and Reinke 
crystalloids. 


from spermatogonium to mature spermatids, all the cells 
belonging to the same clone are interconnected.*’ Stage 
I is composed of spermatogonia, pachytene primary sper- 
matocytes, and round and elongating spermatids. Stage I 
includes spermatogonia, pachytene primary spermatocytes, 
round and elongated spermatids, and residual bodies derived 
from spermatid cytoplasm within Sertoli cells. Stage III is 
characterized by the beginning of spermatid nuclear con- 
densation and the entrance of type B spermatogonia into 
meiosis. Stages IV and V comprise pachytene primary sper- 
matocytes, and can be differentiated by the presence of lep- 
totene and zygotene primary spermatocytes. In Stage V, the 
secondary spermatocytes undergo a second meiotic division 
after a very short interphase. 

In the interstitium, connective tissue collagen fibers with 
contractile capacity are present. The Leydig cells are the 
most important component, making up to 5% to 12% of 
the testicular volume.” They are polygonal and have PAS- 
positive, eosinophilic cytoplasm with a central nucleus and 
prominent nucleolus, grouped in small nests (1 or 2 nest per 
tubule or 5 + 0.2 cells per tubule) around the capillaries of 
the intertubular space. The fetal Leydig cells produce tes- 
tosterone; immature Leydig cells produce 3a and 17ß-diol 
and adult Leydig cells steroids. Characteristically, some 
eosinophilic crystalline structures can be found in the cyto- 
plasm (Reinke crystalloids); these are probably subunits of 
globular proteins whose functional meaning is not known?’ 
(Fig. 11-4). Other cellular elements of the interstitium are 
the macrophages that secrete interleukin 1, which stimulates 
the proliferation of the germ cells, and the mast cells. 


AGING TESTIS | 


The changes considered as age-related involution do not 
have a specific age at commencement, and the fact that we 
are able to see normal testicles in all age groups indicates 
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Figure 11-5 @® Elderly testis. Seminiferous tubule with germ 
cell atrophy and parietal diverticulum. 


that there are marked individual variations.*° The involution 
seems to be related more to hormonal levels than to age; 
however, after age 70 years, the changes of atrophy are fre- 
quent, and after age 80 years, the testicles of almost all men 
have a certain degree of fibrosis in the tubular wall, although 
they can preserve spermatogenesis.*” 

Several authors have observed foci of total tubular scle- 
rosis, suggestive of a local ischemic phenomenon, as well 
as the appearance of tubular diverticula (Fig. 11-5) directly 
proportional to age, for possible weakening of the tubular 
wall together with obstructive phenomenon due to storage 
of fluid in the Sertoli cells.*! The Sertoli cells store glyco- 
gen, ascorbic acid, and lipids, but it is difficult to interpret 
the significance of this accumulation because it starts at a 
very early age.” There can also be a decrease in the num- 
ber of cells“ in the aged testis and multinucleation in 4% of 
testicles. 

The loss of germ cells begins with the spermatids and 
progressively affects the predecessor cells,** with the pale 
spermatogonia disappearing in about the sixth decade and 
the dark ones in about the eighth decade.* A curious find- 
ing is the appearance of multinucleated spermatids (from 
5 to 86 nuclei) that have been interpreted as an expres- 
sion of active karyokinesis without cytokinesis, typical of 
aging.” 

In the interstitium, one can observe an increase in the 
connective tissue earlier than in the tubule, and there are 
data indicating that this increase is regulated by differen- 
tial expression of TGF-B proteins and decreased levels of 
TGF-B2.** As with the Leydig cells, there are contradic- 
tory observations; some authors have reported that their 
numbers decrease with age, especially in relation to the 
decrease of LH, whereas others have found a certain 
compensatory increase.“ Other changes that can be attrib- 
uted to involution are intercellular fibrosis, cytoplasmic 
microvacuolization with accumulation of lipofuscin, and 
binucleation.” 
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ANATOMY OF THE ADULT TESTIS 


Gross Anatomy and Microanatomy 


The adult testis measures approximately 4 to 5 cm x 3.5 
cm x 3 cm and weighs 15 to 19 g with the right usually 
being 10% heavier that the left. The external surface is 
covered by a capsule (tunica albuginea), which is a smooth 
and homogeneous layer measuring 400 to 459 um in thick- 
ness in the adult. The tunica albuginea is composed of three 
layers. The outermost layer comprises of dense connective 
tissue and is lined by mesothelium. The middle layer rep- 
resents less dense fibrous tissue. The inner most layer is 
rich vascular connective tissue. From this tunica albuginea 
layer, numerous fibrous septa emerge to divide the testicu- 
lar parenchyma into approximately 250 lobules, and meet 
in a solid posterior area at the hilum of the testis, near the 
epididymis, which is called the mediastinum of the testis. 

Each lobule of the testis contains one to four seminiferous 
tubules. Every tubule has a diameter of 180 um and a total 
average length of 540 m. The tubules are a convoluted struc- 
ture with numerous communications between the arms of 
the loop. Each arm of the loop empties into the mediastinum. 

The mediastinum contains the rete testis, a connecting 
structure between the seminiferous tubules with the ductuli 
efferentes in the epididymis. There are around 1,500 units 
of seminiferous tubules to the rete. It is divided into three 
parts: the septal portion with the twbulae reti, which are 
short tubules 0.5 to 1.0 mm in length that connect the two 
ends of the seminiferous tubules to the mediastinal part with 
the tunical rete, which is a cavernous network of intercon- 
necting channels between tubular reti and the extratesticu- 
lar part with the bullae retis, which are vesicular channels 
measuring 3 mm in width that anastomose together to form 
the ductuli efferentes. In the mediastinal and external rete 
testis parts, fibrous columns or strands covered by epithe- 
lium called chordae retis are present to connect the different 
walls. 

The rete testis epithelium is composed of flattened cells 
interspersed with small areas of columnar cells. Both cell 
types have single centrally located cilia and numerous micro- 
villi on their free surfaces. These cells rest on a basal lamina 
surrounded by a layer of myofibroblasts and external layer of 
fibroblasts and collagen and elastic fibers. 

Apart from the connection between the testis and the epi- 
didymis, the rete testis produces a pressure gradient inter- 
nally for reabsorption of protein and potassium from tubular 
fluid. 


Blood Supply and Lymphatics 


The testis is supplied by the testicular artery, which arises 
from the abdominal aorta. In the spermatic cord, the testicu- 
lar artery gives multiple branches that run along the interlob- 
ular septa of the testis. These centripetal arteries lead to the 
mediastinum testis and give off branches called centrifugal 
arteries. 


The inner two-thirds of the testicular parenchyma are 
drained by veins that follow the interlobular septa to the 
mediastinum (centripetal veins). The outer third is drained 
by veins that lead to the tunica albuginea (centrifugal veins). 
Both centripetal and centrifugal veins join to form the pampi- 
niform plexus, which drains the testis via the spermatic cord. 

Lymphatic vessels are poorly developed in the testis and 
limited to the tunica vasculosa and interlobular septa where 
they accompany arterioles and venules. 


Nerves 


Efferent innervation of the testis is mainly supplied by neurons 
of the pelvic ganglia, where contralateral and bilateral neural 
connections occur. Postganglionic nerve fibers enter the testis 
via the pelvic nerves, extend throughout the tunica vasculosa, 
and follow the interlobular septa to reach the interstitium. The 
nerve fibers end in the wall of arterioles, the wall of seminif- 
erous tubules, and the Leydig cells. Adrenergic nerve fibers 
innervate the tunica albuginea and the blood vessels of the 
tunica vasculosa. Peptidenergic nerve endings are uncommon. 
Afferent nerve endings from corpuscles similar to those of 
Meissner and Pacini are observed in the tunica albuginea. 


CONGENITAL ANOMALIES 


Disorders in Number and Size 


Congenital disorders in number and size constitute one of 
the less frequently seen groups of testicular anomalies. 


Monorchidism 


Monorchidism is the congenital absence of one testicle. Its 
incidence is | in 5,000 masculine births, with a predominance 
of the left side (68.7%).”? Among boys with monorchidism, 
20% have other congenital genital malformations, and 30% 
have anomalies of the urinary tract. For a correct diagnosis, 
the possibility of any evidence of a testicle must be excluded; 
it is not sufficient to find blind seminal canals. All remnants 
found at exploration should be removed, and the absence of 
testicular parenchyma should be confirmed before diagnos- 
ing monorchidism. The finding of blindly ending spermatic 
vessels is the only accepted evidence of monorchidism."*® The 
contralateral testicle can present a compensatory hypertro- 
phy that can double the volume of the normal testicle; this 
is a consequence of the change in endocrine feedback that 
increases the FSH.*' The increase in testis weight is corre- 
lated, in experimental models, with an increase in total semi- 
niferous tubule length and a larger cross-sectional area, which 
is due in part to the greater number of germ cells per testis.” 


Anorchidism 


Although the term anorchidism strictly refers to the total 
absence of both testicles, a series of pathologic situations is 
usually included in this term that varies from the actual lack 
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of gonads to extreme hypoplasia or very prolonged conceal- 
ment of the testicles, for which reason the term testicular 
regression syndrome” has been created and includes the fol- 
lowing disorders: 


True Agonadism 

True agonadism is a genuine absence of testicles in 46XY 
patients with ambiguous external genitals, and more rarely, in 
46XX patients with external feminine genitals, with the pos- 
sibility of there being a rudimentary uterine tube. The cause is 
unknown, although there are cases associated with heterozy- 
gote mutation of gene WT 1.** This disorder can be associated 
with various syndromes of multiorganic malformations.** 


Rudimentary Testes Syndrome 

Rudimentary testes syndrome is the presence of cryptorchidic 
rests of testicles with occasional seminiferous tubules in which 
Sertoli cells and some spermatogonia are present. The external 
genitals are not ambiguous but are hypoplastic (micropenis).*° 


Congenital Bilateral Anorchidism 

Congenital bilateral anorchidism is the strict bilateral 
absence of testicles with only wolffian elements and without 
miillerian rests. The phenotype is normal masculine or hypo- 
plasia, and its incidence is 1 in 20,000 male births. The cause 
is unknown; there have been attempts to find mutations of 
the SRY gene, but convincing proof has not been found.” 


Vanishing Testes Syndrome 

Vanishing testes syndrome is the disappearance of the tes- 
ticles from the last months of pregnancy until puberty; this 
disorder should be considered only as a prolonged conceal- 
ment of the testicles, since they can be found in the ingui- 
nal canal or in the upper scrotum. The deep alterations of 
these testicles, represented only by occasional seminiferous 
tubules accompanied by epididymis, are more attributable to 
perinatal scrotal torsion than to genetic causes.» 


Leydig-cell-only Syndrome 

Leydig-cell-only syndrome is characterized by finding 
only clusters of functioning Leydig cells in the spermatic 
cords, with sufficient testosterone for male phenotype but 
insufficient for the complete development of secondary sex 
characteristics. 


Sinorchidism 


Sinorchidism is an extremely infrequent anomaly, character- 
ized by the fusion of both testicles, each with their respec- 
tive epididymis located in the midline. This fusion is usually 
associated with other fusions such as those of the adrenal 
glands and horseshoe kidney.” 


Polyorchidism 


Polyorchidism is the presence of more than two testicles, 
with three being the most frequent. This anomaly occurs 
infrequently, and the embryologic origin is not clear; the lon- 
gitudinal division of all the structures of the genital ridges 
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and mesonephric ducts with only the longitudinal division 
of the genital ridges, and the high transverse division of the 
genital ridges and the low transverse division of the genital 
ridges have been proposed. The extra testicle is frequently 
intrascrotal and many times presents diverse alterations of 
spermatogenesis. There is no reason for a greater incidence 
of malignant transformation, although some cases have been 
reported with germ cell tumors." 


Macroorchidism 


An increase in volume of testicular parenchyma can cor- 
respond to diverse pathologic situations. Some of them are 
consequences of other pathologic conditions, such as the 
loss of total testicular parenchyma (e.g., the aforementioned 
compensatory hypertrophy) or the secretion of androgens by 
Leydig cell tumors; but others are considered true intrinsic 
anomalies, such as the following: 


Idiopathic Benign Macroorchidism 

Idiopathic benign macroorchidism is characterized by an 
increase in the longitude of the tubules. It is caused perhaps 
by the greater sensitivity of hormonal receptors, which in 
the development of these testicular alterations are curiously 
found during spermatogenesis.” 


Precocious Puberty 
For practical purposes, this is considered to be before 8 years 
of age in girls and 9 years in boys. The incidence is estimated 
at between 1 in 5,000 and 1 in 10,000, with a female:male ratio 
higher than 20:1. In boys, the first symptom is rapid testicular 
enlargement followed by growth of pubic and axillary hair, 
enlargement of the penis, and acceleration of skeletal growth. 
Precocious puberty results from the early differentiation 
of Leydig cells, with complete spermatogenesis and abnor- 
mal spermatids and, in the absence of stimulus, by pituitary 
gonadotropin (familial testotoxicosis)*'; it can also result 
from alterations of the central nervous system such as those 
that occur in McCune-Albright or von Recklinghausen syn- 
dromes.”’ Other causes are the Leydig cell tumors and con- 
genital adrenal hyperplasia. 


Other Macroorchidisms 

Other alterations such as fragile X chromosome (Martin-Bell 
syndrome)® or congenital Leydig cell hyperplasia can also 
be accompanied by macroorchidism because of the transfer 
of human chorionic gonadotropin from the mother to the 
fetus, similar to what occurs in diabetic mothers with hyper- 
tension.“ In bilateral megalotestes with low gonadotropin, 
with excellent fertility parameters despite the unusually low 
hormone levels, no specific pathology underlying the large 
gonadal volume could be identified. 


Alterations of Location 


Some congenital anomalies can be classified by their loca- 
tions outside the normal path of testicular descent (ectopia) 
or in the path of descent (undescended testes). The location 
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in the superficial inguinal pouch is considered to be ectopia 
by some researchers or to be cryptorchidism by others. 


Ectopia 


There are two types of ectopia: one that involves the com- 
plete testicle and the other that involves parts of the testicular 
parenchyma. 


Complete Ectopia of the Testicle 

Complete ectopia of the testicle occurs when the testicles 
complete the transinguinal migration and then divert to 
another location under the superficial inguinal ring. This 
anomaly is considered to be related to alterations in the 
gubernaculum testis and its branches since the ectopias that 
can be observed (suprapubic, superficial inguinal, femoral, 
transverse scrotal, and perineal)” correspond to the sites 
of these branches. These testicles have normal character- 
istics and are not associated with a greater incidence of 
neoplasia.” 


Testicular Parenchymal Ectopia 
Seminiferous tubule ectopia is characterized by the presence 
of seminiferous tubules in a normal albuginea, in contigu- 
ity with the tubules of the parenchyma, without evidence of 
ovarian stroma (fundamental to distinguish it from some tes- 
ticular dysgenesis), and with clear delimitation between the 
tunica albuginea and the testicular parenchyma.® 

Leydig cells ectopia can be located in the testicle (inter- 
lobular septa, rete testis, tunica albuginea, or complete 
fibrotic tubules) or in extratesticular structures such as the 
epididymis or spermatic cord (generally perineural). These 
cells seem to be less functional than do those with a normal 
location. Their origin is not clear, and cell migrations can be 
assumed since cells do not display ectopic differentiation.” 7’ 


Undescended Testis (Cryptorchidism) 


Undescended testes are the most common testicular anom- 
aly. Scrotal testicular absence is seen in 30.3% of premature 
boys, and incomplete descent is seen in 3.2% of full-term 
boys. In most boys with incomplete descent, the testes will 
descend spontaneously within the first 3 months; by the end 
of the Ist year, the testes will not have descended in only 
0.8%. Spontaneous resolution is rare after the 1st year.” 


True Cryptorchidism 

In boys with cryptorchidism, the testicle remains immovable 
along some areas of the testicular descent path; this occurs 
in 25% of cases of empty scrotum. It can be associated 
with complex syndromes (e.g., Klinefelter, Kallmann, or 
Noonan) or with other malformations such as omphalocele 
and myelomeningocele. 

The mechanism for testicular descent involves participa- 
tion by hormonal and mechanical factors and although it is not 
completely clear, the process involves three stages viz. neph- 
ric displacement (7th week), transabdominal descent (12th 
week), and inguinal descent (between 7th month and birth).” 


The gubernaculum testis regulates testicular descent 
along with the formation of the inguinal canal and proces- 
sus vaginalis.” It is a complex process involving a normally 
functioning hypothalamo-pituitary—gonadal axis, normal 
development of abdominal wall musculature, gubernacu- 
lum, and the processus vaginalis,’ along with a normally 
functioning endocrine system of the testis. 

The hormonal requisites for testicular descent are varied 
and not entirely elucidated. One of the most essential fac- 
tors for testicular descent is insulin-like factor-3 (INSF-3), 
which is produced by Leydig cells and is independent of 
the androgen pathway. It stimulates gubernacular swelling, 
which is required for the initiation of testicular descent.” 
INSF-3 gene mutations or mutations of its receptors GREAT 
(G-protein-coupled receptor affecting testicular descent) or 
LGRB-8 (leucine-rich repeat-containing G-protein-coupled 
receptor-8) result in improper testicular descent and crypt- 
orchidism.”’ Gubernaculum swelling also involves contribu- 
tions from AMH and androgens. 

Inguinoscrotal descent has not been fully explained; how- 
ever, androgens and the genitofemoral nerve are two signifi- 
cant factors behind the process. Androgens act on the nucleus 
of the genitofemoral nerve in the spinal cord as opposed to 
direct action on the gubernaculums testis, effectively bring- 
ing about the masculinization of the neurons comprising the 
nucleus” accompanied by secretion of large amounts of cal- 
citonin gene-related peptide (CGRP). In turn, CGRP acts on 
the cremasteric muscle that develops in the gubernaculum 
and is innervated by the genitofemoral nerve. This theory is 
supported by the fact that neurogenic atrophy of this muscle 
is seen in cryptorchid patients.” 

A host of other factors are involved in testicular descent 
including epidermal growth factor (EGF) and estrogens. 
Experimental studies have demonstrated that estradiol 
decreases gubernacular swelling and plays a role in stabiliz- 
ing miillerian ducts. One of the proposed hypotheses states 
that cell proliferation resulting in gubernacular swelling is 
inhibited by estradiol.*° EGF is involved in testicular descent 
by its action at various sites along the entire gonadal—pla- 
cental axis. EGF levels in maternal circulation rise imme- 
diately prior to fetal masculinization.*! The placenta has an 
increased concentration of EGF receptors, and placental 
stimulation by EGF may cause hCG production. This chain 
of events may also stimulate androgen production by Leydig 
cells and a summation of these might bring about testicular 
descent. 

The gubernaculum and processus vaginalis regress upon 
birth and the gubernaculum is replaced by fibrous tissue 
comprising the scrotal ligament. The processus vaginalis 
atrophies along its cephalic portion after testicular descent. 
If this process is exaggerated, a testis that descended nor- 
mally may be caused to ascend and lead to a cryptorchid 
condition. 

The pathogenesis of testicular alteration is very con- 
troversial, and opinions vary from those who believe the 
alterations are based on immunologic changes (due to the 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


alteration of the hemato-testicular barrier because of hyper- 
thermia)* to those who believe that the alterations are a 
result of dysgenetic expression. Independent of the etio- 
pathogenetic hypotheses, the important consideration is to 
know the morphologic variations, their chronology, and the 
possibility of preventing them. 

We can systematize the testicular changes of cryptorchi- 
dism by age groups, as follows: 


Changes in Prepubertal Cryptorchid Testes. In patients 
with prepubertal cryptorchid testes, 74% of the testes showed 
severe decrease in the average tubular diameter, marked 
decrease of the tubular fertility index, and hyperplasia of 
the Sertoli cells." These findings, together with the frequent 
alteration of the contralateral testicle, reinforce the hypothe- 
sis that some cases represent authentic testicular dysgenesis. 
Other changes such as annular tubules and calcospherites 
(for probable cellular peeling and subsequent calcification)* 
are more difficult to explain. 


Changes in Pubertal Cryptorchid Testes. During puberty 
in patients with pubertal cryptorchid testes, the lesions are 
very deep, and almost all patients experience some of the 
anomalies already described in the prepubertal cryptorchidic 
testes.*° This disorder appears to be associated with progres- 
sive worsening of the structures until becoming terminal, 
typically at 13 years of age.*’ 


Changes in the Adult Cryptorchid Testes. In adult men 
with cryptorchid testes, the entire testicle shows advanced 
atrophic changes* (Fig. 11-6). Ina series by one of the authors 
(F.A.), changes in the cryptorchid testes that descended at 
prepubertal ages showed structural normality in only 7.7% 
of patients, and fibrotic changes in 46% of the cases. 
Several foci of infantile (immature) seminiferous tubules 
can be present. Each group of tubules appears well delimited 
but unencapsulated. Nodule size varies from microscopic 
to 5 mm. On cut section, each nodule is distinguished by its 


Figure 11-6 W Adult cryptorchid testis. Advanced tubular 
wall fibrosis with complete absence of tubular cells or only residual 
Sertoli cells. 
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whitish color. The seminiferous tubules have a prepubertal 
diameter and may be anastomotic. The epithelium is colum- 
nar or pseudostratified, devoid of lumina, and usually consists 
only of Sertoli cells. The cells have elongated hyperchromatic 
nuclei with one or several peripherally placed small nucleoli. 
The interstitium varies from scant to well collagenized. Leydig 
cells are usually absent in these areas and, if present, their 
numbers are low. Sertoli cell nodule is found in most adult 
cryptorchid testes, regardless of when the testes descended. It 
is also present in 22% of normal scrotal testes in some series 
and is an occasional finding in males with idiopathic infertility. 

Much has been discussed on the use of orchiopexy in 
improving fertility, but its success has not been proven." 
Also not proven is the justification for a systematic biopsy of 
the cryptorchid testis to predict its functional capacity or to 
detect an intratubular germ cell neoplasia. One of the most 
debated subjects is the incidence of a germ cell tumor in 
a cryptorchid testis since the risk of developing germ cell 
tumors is 4 to 10 times higher than in a normally descended 
testicle.’ Seminoma is the most common histologic type. 
Orchiopexy does not decrease the incidence of neoplasia, 
which supports the hypothesis that changes of these testicles 
are dysgenetic. 


Obstructed Testes 

The testes are located superficially in the inguinal Denis- 
Browne pouch. Some authors consider them as ectopic and 
others as true cryptorchidism. The morphologic changes are 
similar to those in cryptorchidism. 


Retractile Testes 

The testicle may ascend to the scrotum at the time of explo- 
ration. Some alterations such as variable germ cell atrophy 
can be present from one lobule to the other.” 


Gonadal/Testicular Dysgenesis 


Gonadal dysgenesis is characterized by a feminine pheno- 
type with amenorrhea and hypoplasia of the uterus and fal- 
lopian tubes. Dysgenesis is usually classified according to 
karyotype and therefore can be 


(a) 46XY GONADAL DYSGENESIS (Swyer syndrome) is 
characterized by a female phenotype without signs of the 
Turner syndrome with infantilism. It is possible to find 
fused labia majora, hypertrophic clitoris, and hypospa- 
dias. Some patients have mental retardation and chronic 
renal insufficiency. The typical gonads are the fibrous 
streak (see below). 

(b) 46XX GONADAL DYSGENESIS with normal genitals 
and ovarian hypoplasia (see below) rather than streak 
gonads. 

(c) 45XO GONADAL DYSGENESIS with stigmata of the 
Turner syndrome; the external genitalia are female and 
infantile. The typical streak gonads are present. 

(d) MIXED DYSGENESIS with streak gonads in some cases 
associated with testis. 
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Figure 11-7 E G 


The streak gonads may consist only of ovarian stroma with a 
nodular pattern (typical of 46XY, and 45X0), fibrous tissue 
with occasional ovarian follicles (especially in 46XX/45XO), 
or fibrous tissue with tubules and channels resembling rete 
testis (in 46XY)>! (Fig. 11-7). 

The hypoplasic ovaries, in 46XX gonadal dysgenesis are 
characterized by small ovaries that are more often hypoplas- 
tic and rarely streak gonads. The histologic picture of the 
ovaries consists of fibrous stroma without generative ele- 
ments or with a small number of primary follicles, but some- 
times also with a single growing graafian follicle.” 

The incidence of tumors in gonadal dysgenesis is vari- 
able. Approximately 25% to 30% of patients with 46XY dys- 
genesis can develop gonadoblastomas, seminomas, or other 
germ cell tumors (Fig. 11-8), for which preventive extirpa- 
tion is recommended.” In mixed dysgenesis, tumors develop 
in 25% of the cases”; in the other forms, the incidence of 
tumors is lower.” 


Sh he 


Bs 


Gonadal N Fibrous streak with ovarian-like stroma (A) and occasional rete testis like channels (B). 


In mixed dysgenesis, along with a fibrous streak, testicu- 
lar dysgenesis can be found that is characterized by a central 
testicular area comprising of seminiferous tubules that are 
smaller than normal but identifiable, surrounded by ovarian 
stroma and branched tubules with an albuginea that may dif- 
fer by the absence of tunica vasculosa.* 


True Hermaphroditism 


The term hermaphroditism should be applied only to 
patients who have both testicular and ovarian tissue 
(Fig. 11-9). It is a pathologic entity with a difficult clini- 
cal diagnosis. In patients with a masculine phenotype, her- 
maphroditism can often be recognized only in puberty by 
developing gynecomastia, which is present in nearly all of 
these patients”; in those who have a feminine phenotype, 
clitoromegaly or irregular menstruation can indicate this 
condition. 


Figure 11-8 Œ Gonadoblastoma in gonadal dysgenesis. (A) Low power view; (B) high magnification. Large germ cells with clear 
cytoplasm (seminoma) surrounded by small cells resembling immature Sertoli cells and granulosa cells. 
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Figure 11-9 E True hermaphroditism. Ovotestis with ovar- 
ian tissue in upper left area and seminiferous tubules in lower right 
area, separated by nonspecific stromal tissue. 


The gonads can be any type of combination of both tis- 
sues, but in 44.4% of cases it constitutes ovotestis. In about 
half of the cases, the location is intra-abdominal. In the rest 
of the cases, the location is inguinal, scrotal, or labial. Only 
5% of patients with ovotestis are bilateral and the remainder 
are unilateral, with a predominance of the right side.” The 
ovotestis can be (a) bilobated, with one of the tissues hav- 
ing a pedicle and in each of the lobes, (b) ovoid, with the 
central testicular parenchyma and the ovarian tissue around 
it,” or (c) intermixed (occasionally), with both ovocytes and 
seminiferous tubules.” After puberty, seminiferous tubules 
remain small and often contain dysgenetic Sertoli cells simi- 
lar to cryptorchid testis. Incomplete spermatogenesis has 
been reported, but complete spermatogenesis is very rare. 
The ovary is most frequently on the left side and usually 
hypoplastic with few primordial follicles. Occasionally, it is 
functionally and histologically normal. 

About 4.6% of ovotestes develop germ cell tumors” 
and the most frequent lesions are gonadoblastoma and dys- 
germinoma/seminoma, followed by yolk sac tumors, mature 
teratoma, and carcinoid tumors. These tumors can grow to 
a large size. The testicle must be removed, and the residual 
gonad should be monitored by regular sonography explora- 
tions, particularly in patients with chromosomal mosaicisms. 


Male Pseudohermaphroditism 


Any process that alters any of the mechanisms for the cor- 
rect expression of masculine differentiation can result 
in a state of male pseudohermaphroditism (Table 11-2). 
Situations inducing male pseudohermaphroditism include 
the following: 


Alterations in Leydig Cell Activity 

Alterations in Leydig cell activity are associated with defi- 
ciencies in androgen synthesis or with deficient forma- 
tion of pregnenolone, 3B-hydroxysteroid dehydrogenase, 
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Table 11-2 m CAUSES OF MALE 


PSEUDOHERMAPHRODITISM 


Deficiencies in androgen synthesis: 
Alterations in Leydig cell activity 
Androgen insensitivity syndromes: 
Testicular feminization syndrome 
Defective millerian inhibiting substances: 
Dysgenetic male pseudohermaphroditism 
Persistent mullerian ducts syndrome 


17a-hydroxylase, 17.20 desmolase, or 17B-hydroxysteroid 
dehydrogenase.” 

Insufficient secretion of testosterone also can be moti- 
vated by Leydig cell hypoplasia. This defect can be due to 
an alteration of gonadotropin receptors, and their expression 
varies from hypogonadism to male pseudohermaphroditism 
according to the quantity or absence of Leydig cells.” The 
seminiferous tubules in the testicles are reduced in size, with 
moderate thickening of the tubular wall; Sertoli cells and 
occasional spermatogonia are typically present (Fig. 11-10). 

In patients with defective functioning of the Leydig cells, 
the incidence of testicular tumors is very low." 


Androgen Insensitivity Syndromes 

Androgen insensitivity syndromes are a spectrum of disor- 
ders characterized by peripheral resistance to the action of 
androgens. These syndromes are a consequence of a partial 
or complete absence of the response of target organs to the 
effect of androgens with the resultant phenotypes ranging 
from complete male” to prototypical complete testicular 
feminization. '™ These syndromes occur owing to an absence, 
decreased levels, or impairment of androgen receptors (ARs) 
or postreceptor anomaly.'” As the AR is X-linked, only 
males are affected, and maternal carriers are phenotypically 


Figure 11-10 Œ Male pseudohermaphroditism. Alteration in 
the Leydig cells activity with reduced seminiferous tubules, wall 
fibrosis, and Leydig pseudohyperplasia for testicular parenchyma 
reduction but probable loss of function. 
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normal. The karyotype is usually 46XY but 47XXY and sev- 
eral mosaicisms have been reported.!° These disorders affect 
1:20,000 to 1:40,000 newborns. 

These syndromes may be classified as follows: 


1. Complete androgen insensitivity syndrome or complete 
testicular feminization syndrome (Morris syndrome) 


2. Partial androgen insensitivity syndromes (including 
syndromes of Reifenstein, Gilbert-Dreyfus, Lubs, and 
Rosewater); mild androgen insensitivity syndrome 


3. Kennedy disease 


Complete Androgen Insensitivity Syndrome. Individuals 
with complete AIS (formerly called testicular feminization 
syndrome) have a female phenotype, normal breast develop- 
ment (due to aromatization of testosterone), a short vagina 
but no uterus (because MIS production is normal), scanty 
pubic and axillary hair, and female psychosexual orientation. 
Gonadotropins and testosterone levels can be low, normal, 
or elevated, depending on the degree of androgen resistance 
and the contribution of estradiol to feedback inhibition of the 
hypothalamic-—pituitary gonadal axis. Most patients present 
with inguinal hernia (containing testes) in childhood or with 
primary amenorrhea in adulthood. The most prototypical is 
the testicular feminization syndrome, with a feminine phe- 
notype, testicles with seminiferous tubules, and only Sertoli 
cells with occasional spermatogonia. 

The testes may be in the inguinal canal, abdomen, or labia 
majora and may be normal upon histologic examination dur- 
ing the Ist year of life. Reduced germ cells are observed 
after the Ist year with few viable spermatogonia seen in 
seminiferous tubules. 

In adults, the testes range in size from small to large, are 
tan-brown, and contain abluminal small seminiferous tubules 
with only Sertoli cells.! The accumulation of Leydig cells 
stands out, without Reinke crystalloids (Fig. 11-11). In 70% 


ONE SS s 
Figure 11-11 WŒ Male pseudohermaphroditism. Testicular 
feminization syndrome (Morris syndrome). Seminiferous tubules 
with only Sertoli cells and Leydig cell accumulation without 
Reinke crystalloids. 
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ofcases, yellowish nodal areas appear with the tubules and the 
large amount of Leydig cells, which has led some researchers 
to call them Sertoli-Leydig hamartomas.” About one-fourth 
have Sertoli cell adenoma comprising tubules resembling 
infantile testes but lacking germ cells and peritubular myo- 
blasts. No Leydig cells are identified between the tubules. ° 
Other associated tumors include large cell calcifying Sertoli 
cell tumor, sex cord tumor with annular tubules, Leydig cell 
tumor, fibroma, and leiomyoma." Approximately two-thirds 
of cases have small cystic structures associated closely to 
the testes and about 80% of cases demonstrate thick smooth 
muscle bundles resembling myometrium near the testes. 
Ovarian stroma may be identified in the interstitial testicular 
tissue. Paratesticular cysts can also be found.” 

Gonadectomy is usually performed immediately after 
puberty,'”° as there is a 10% risk of malignancy, and estro- 
gen replacement is prescribed. The gonads can be left in situ 
until breast development is complete as malignancy is rarely 
seen before puberty. The tumors that can develop include 
intratubular germ cell neoplasia, seminoma, nonsemino- 
matous germ cell tumors of various types, and sex cord stro- 
mal tumors. 


Partial Androgen Insensitivity Syndrome. This disorder 
includes the following four syndromes: 


a) Reifenstein syndrome characterized by azoospermia, 
infertility, absent or weak virilization, hypospadias, tes- 
ticular atrophy, and gynecomastia.” 


b) Lubs syndrome with features including clitoromegaly, 
pubic and axillary hair, poor breast development, fusion 
of labioscrotal folds, and introitus formation. !°8 


c) Gilbert-Dreyfus syndrome characterized by gynecomastia, 
hypospadias, small penis, and incomplete development of 
wolffian duct derivatives.'” 


d) Rosewater syndrome characterized by gynecomastia and 
infertility.!'° 


The phenotype in the above syndromes ranges from normal 
male to normal female. 


Mild Androgen Insensitivity Syndrome. Some patients 
with a male phenotype present with infertility due to a mild 
form of androgen insensitivity.'!! This is due to androgen 
resistance seen in these azoospermic or oligospermic males 
and is related to mutations in exons 6 or 7 or loss of exon 4. 


Kennedy Disease. Spinal and bulbar muscular atrophy 
(Kennedy disease) is an X-linked recessive disorder usually 
affecting adult males.'!? Symptoms include muscle weak- 
ness, cramps, and fasciculations with onset around 20 years 
of age.!!? Progressive loss of motor neurons in the spinal 
cord and brain stem is associated with sensory neuron loss 
and denervation atrophy. !!? 

Although testicular function and fertility may be unim- 
paired in the early stages of the disease, progression to sec- 
ondary testicular atrophy and gynecomastia occurs with a 
fall in testosterone levels. 
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The pathologic basis behind this disease is mutations in 
the first exon of the AR gene. The SMBA gene located on 
Xql1-12 has expansion of a repetitive CAG sequence in 
exon A. 


Defective Regression of Mullerian Ducts 

Individual with anomalies in this category are typically char- 
acterized by the presence of miillerian derivatives and tes- 
ticular dysgenesis (unilateral or bilateral). The expression of 
these anomalies can be traced back to AMH gene mutations 
and sensitivity of the target organs.'!* 

AMH regulates inhibition of the ipsilateral miillerian ducts 
and collagenization of the tunica albuginea during develop- 
ment. Three variants of miillerian duct agenesis are described, 
viz. mixed gonadal dysgenesis, dysgenetic male pseudoher- 
maphroditism, and persistent miillerian duct syndrome. 


Mixed Gonadal Dysgenesis. This entity is characterized 
by the presence of a streak gonad on one side and a testis on 
the contralateral side.''> In case of intra-abdominal gonads, 
the labioscrotal folds may appear as empty scrotal sacs or 
normal labia. The gonad is usually a testis if it is descended. 
If the labia appear normal, the entity cannot be detected in 
newborns unless an enlarged penis-like clitoris is also pres- 
ent. Fallopian tubes (a miillerian derivative) may be present 
with both a streak gonad and testis in a large percentage of 
cases. The testis is accompanied by an epididymis and vas 
deferens on the same side usually and the contralateral side 
usually contains a streak gonad with a fallopian tube. Other 
findings encountered commonly are a poorly developed 
vagina and a hypoplastic uterus. 

Fifteen percent of intersex cases are accounted for by 
this condition. Patients may be reared as males as a con- 
sequence of ambiguous external genitalia subjected to 
virilizing effects. The penis is clitoriform with a perineal 
urethral meatus. However, most are considered like girls 
although they have cryptorchid testis and undergo viriliza- 
tion at puberty. Most patients report infertility as a symptom. 
Observed karyotypes include 45X0/46XY in >50% patients 
(especially those with Turner-like features), 45X0/47XYY, 
and 46XY. Most of the patients have one Y chromosome. 

Morphologically, the testis may show two different pat- 
terns—streak testis and testicular dysgenesis. Testicular dys- 
genesis is typically described as having a tunica albuginea 
that varies in width and resembles ovarian stroma due to sto- 
riform distribution of cells and fibers. Maldeveloped seminif- 
erous tubules with small size, absent lumina, and containing 
immature Sertoli cells only are also seen. Increased intersti- 
tial Leydig cells are noted with rare instances of spermato- 
genesis. Streak testes are complex gonads in which a fibrous 
streak area is seen along with testicular dysgenesis. Although 
the testis predominantly demonstrates features of testicular 
dysgenesis, a fibrous streak is identified at a gonadal pole or 
in continuity with the dysgenetic areas. These features may 
be also be encountered in some male pseudohermaphrodites. 
No ovocytes are identified in the streak in persistent miille- 
rian duct syndrome. On microscopic examination, features 
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include a spectrum of testicular lesions, ranging from true 
hermaphroditism to those resembling pure gonadal dysgen- 
esis. A controversial debate herein involves the distinction 
between ovotestis and ovocyte-containing streak testis.!!°!!7 
The testis in this syndrome is unable to bring about regres- 
sion of miillerian ducts and hence there is total differentia- 
tion of wolffian derivatives, virilization of external genitalia, 
and testicular descent in most of the cases. This syndrome is 
associated with a high risk of germ cell neoplasia (up to 50% 
in the third decade of life), especially gonadoblastoma. It is 
advised for patients to undergo orchiectomy after puberty. 


Dysgenetic Male Pseudohermaphroditism. The above 
disorder of sexual differentiation is characterized by bilat- 
eral dysgenetic testes or streak testes, cryptorchidism, and 
persistent millerian structures. This entity is also considered 
a variant of mixed gonadal dysgenesis.''* Observed karyo- 
types include 45X0/46XY or 46XY with or without Turner- 
like features. The uterus and fallopian tubes are present and 
both are usually hypoplastic.''’? Lesions identified in the tes- 
tes include characteristic features of testicular dysgenesis 
with germ cell hypoplasia. In adults, interstitial Leydig cell 
hyperplasia is seen along with poor or absent spermatogen- 
esis. Gonadoblastoma arises in approximately a quarter of 
the patients with this syndrome. '”° 


Persistent Müllerian Duct Syndrome. This syndrome is 
also referred to as persistent oviduct syndrome, male with 
uterus, tubular hermaphroditism, and hernia uteri inguina- 
lis.'?' It is a rare form of pseudohermaphroditism wherein 
the miillerian derivatives persist in a phenotypically normal 
male. This syndrome represents the most typical form of iso- 
lated AMH deficiency. 

The etiology behind the occurrence of this syndrome is 
multifactorial. Suggested hypotheses include the following 
theories: (a) defect in AMH synthesis owing to mutations in 
the AMH gene, (b) resistance of end organs to the effects of 
this hormone due to mutation in the receptor II for this hor- 
mone, and (c) failed action of this hormone just prior to the 
8th week of pregnancy.” 

One (25% cases) or both (75% cases) testes may be 
cryptorchid in spite of external genitalia being male. Other 
manifestations include inguinal hernia contralateral to the 
undescended testis, with a uterus and fallopian tubes situated 
within the hernia sac,!” infertility," and testicular tumor.!?5 
The testes in childhood have a decreased tubular diameter 
and a low fertility index. The tunica albuginea is variably 
thickened in adults with tissue resembling ovarian stroma and 
may contain rudimentary tubular structures. The seminifer- 
ous tubules are hyalinized and atrophic with decreased sper- 
matogenesis or a mixed pattern with some tubules capable 
of spermatogenesis being seen. Interstitial Leydig cells are 
increased. Oligospermia and azoospermia are often seen." 

This syndrome is familial or sporadic with X-linked or 
autosomal inheritance." All types of germ cell tumors have 
been reported in these patients who are at increased risk for 
testicular tumors.” 
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Table 11-3 m CHROMOSOMAL AND GENETIC 


ANOMALIES WITH TESTICULAR CHANGES 


Name of Syndrome Chromosomal Anomaly 


Anomaly in the short arm of the 
X chromosome 


Long arm of chromosome 15 

Alteration in chromosome 16 

Extra X chromosome 

XYY, 46XX, and 4XY syndrome 

q31.2 on the long (q) arm of 
chromosome 7 

SRD5A2 gene in chromosome 
2p23 

Trisomy 21 

Y chromosome abnormalities 


Kallmann syndrome 


Prader-Willi syndrome 
Bardet-Bied| syndrome 
Klinefelter syndrome 
Noonan syndrome 
Cystic fibrosis 


5a-reductase deficiency 


Down syndrome 


Structural anomalies of 
the Y chromosome 


Chromosomal and Genetic Anomalies 
(Table 11-3) 


Genetic Anomalies that Induce Pretesticular 
Changes 

In the group of genetic anomalies that induce pretesticular 
changes, we can include Kallmann syndrome (anomaly in 
the short arm of the X chromosome),'** with anosmia, deaf- 
ness, cryptorchidism, and testicular hypoplasia and anoma- 
lies of the palate, in which the testicle shows diverse degrees 
of hypoplasia and blockage in the maturation of the germ 
cells, 

Even rarer are Prader-Willi syndrome (obesity, mental 
retardation, and hypotonia of the hands and feet due to loss 
of genetic material in the long arm of chromosome 15)"; 
Bardet-Biedl syndrome (alteration in the chromosome 16); 
as well as congenital hypogonadotrophism due to sickle cell 
anemia and beta-thalassemia. "°! 


Genetic Anomalies Associated with Testicular 
Alterations 

Klinefelter syndrome is caused by an extra X chromosome 
due to nondysjunction in sex chromosome migration dur- 
ing the meiotic division of spermatocyte or ovule. In 73% 
of cases, the extra chromosome X belongs to the mother; for 
this reason advanced maternal age increases the incidence of 
Klinefelter syndrome. 

Klinefelter syndrome is the most common genetic cause 
of human male infertility. "° 

In 80% of cases, the karyotype is 47XXY. The remaining 
20% are mosaics with at least two X chromosomes in many 
different combinations: XY/XXY, XY/XXXY, XX/XXY, 
XY/X0/XXY, etc. 

Clinically, an eunuchoid phenotype, increased stature, 
incomplete virilization, small testes, infertility (in 50%), gyne- 
comastia, mental retardation, and low bone mineral density 
can be present; for that the incidence varies according to the 
population of reference (1:500 general male newborns, 1:100 
among mental institutions, and 3.4:100 of infertile men).'* 


However, despite its relatively high frequency, the syndrome 
is often overlooked because it lacks many of these features. 

Testicular biopsies of prepubertal Klinefelter syndrome 
have shown preservation of seminiferous tubules with 
reduced numbers of germ cells, but Sertoli and Leydig cells 
have appeared normal. During puberty, the testicle loses 
a large numbers of germ cells, and thus in the adult male 
they are characterized by extensive fibrosis and hyaliniza- 
tion of the seminiferous tubules (Fig. 11-12), loss of elastic 
fibers, and hyperplasia of the interstitium, but the tubules 
may show residual foci of spermatogenesis.'** Treatment 
consists of testosterone replacement therapy to correct the 
androgen deficiency and to provide patients with appropri- 
ate virilization. This therapy also has positive effects on 
mood and self-esteem and has been shown to protect against 
osteoporosis, although it will not reverse infertility." Early 
diagnosis and treatment can improve the quality of life and 
the overall health of men with Klinefelter syndrome." 

Testicular germ cell tumors are rare in Klinefelter syn- 
drome, but extragonadal germ cell tumors (teratoma, and 
choriocarcinoma), especially in the mediastinum, are more 
frequent. Breast cancers also are more frequent. Both types 
probably are related to hormonal stimulation.!°° 

The 46XX males have hypergonadotropic hypogonadism 
with elevated levels of FSH and elevated LH with normal 
testosterone. During childhood, the seminiferous tubules 
have a decreased number of germ cells. In the adults, the 
testes show a similar aspect as Klinefelter testicles with or 
without Sertoli cell—only tubules, and the Leydig cells dem- 
onstrate an absence of Reinke crystalloids.”” The 47XYY 
syndrome men have a normal external genitalia, decreased 
fertility, and Sertoli cell—only tubules associated with nor- 
mal spermatogenesis in tubules.'*” 

Other chromosomal anomalies such as 46XY (Noonan) 
syndrome, 45X0, show different degrees of atrophy of the 
testicle.'*! 


` 


Figure 11-12 WE Klinefelter syndrome. Tubular hyalinization 
with Leydig cell nodular pseudohyperplasia (Masson trichrome 
stain, low power.). 
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Genetic Anomalies Associated with Posttesticular 
Changes 

In the group of genetic anomalies associated with post- 
testicular changes, very diverse pathologic features can be 
found, such as S5a-reductase deficiency (a variant of male 
pseudohermaphroditism that results in anomalous genitals 
in infancy, normal masculine development with libido and 
ejaculation, prostatic hypoplasia, and testicles with small 
seminiferous tubules without lumina and only immature 
Sertoli cells),!°* cystic fibrosis, or Kartagener syndrome with 
immobility of the cilia! and preserved spermatogenesis. 
Down syndrome and structural anomalies of the Y chromo- 
some can also cause male pseudohermaphroditism. 


Other Congenital Anomalies 


Other testicular alterations can be found in addition to those 
described, which can be classified as follows: 


Heterotopias and Rests of the Wolffian and 
Mullerian Ducts 

In tunica albuginea and rete testis, adrenal cortical rests are 
found relatively frequently, with an incidence ranging from 
2.5% to 15%.!!1 They are made up of adrenal cortical tis- 
sue surrounded by a connective tissue band (Fig. 11-13). 
They are about 5 mm in diameter on average and are thus 
not clinically palpable. 

Other heterotopic tissues involve the liver (hepatic— 
gonadal fusion, very infrequently)! and the spleen 
(splenic-gonadal fusion) (Fig. 11-14). The latter occurs 
more frequently on the left side and has been described in 
about 148 published cases." The ectopic splenic tissue 
can be in close proximity to the head of the epididymis or 
to the upper pole of the testis, or it can be separated from 
them. Likewise, there may or may not be structural continu- 
ity between the normal spleen and the ectopic tissue.'*? In 
about 30% of cases, splenic-gonadal fusion has been asso- 
ciated with complex malformations such as micrognathia 


Figure 11-13 Œ Adrenal—gonadal fusion. Adrenal cortical 
cells (bottom) in close relation with epididymis (top). 
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Figure 11-14 Œ Splenic—gonadal fusion. Splenic tissue in 
close relation with seminiferous tubules. Both tissues are separated 
by non-specific fibrous tissue. 


(abnormal smallness of the jaws, especially of the lower 
jaw), peromelia (severe congenital malformations of extrem- 
ities, including absence of the hand or foot), or phocomelia 
(absence of the upper portion of a limb).'**'"* In three of the 
reported cases, the fusion was associated with a germ cell 
tumor of the testis. !*? 

The presence of rests of the wolffian duct, such as the 
paradidymis (Giraldes organ) and the Haller organ, are rela- 
tively frequent anomalies.” Much rarer is finding epithelial, 
solid, or cystic rests in albuginea, sometimes accompanied by 
an inflammatory reaction, known as Walthard cellular rests, 
probably of miillerian origin, since the epithelium has cilia.'*° 


Cysts 

Cysts occur in approximately 8% to 10% of patients with a 
lump in the testis, including those of the tunica albuginea or 
the parenchyma." 


Tunica Albuginea Cysts. Tunica albuginea cysts usually 
are small, asymptomatic, unilocular, or multilocular, prob- 
ably mesothelial rests (with occasional squamous metapla- 
sia)'*8 or mesonephric rests.!*° 


Parenchymal Testicular Cysts. Parenchymal testicular cysts 
are simple, very rare, and can be mesothelial rests or ectopic rete 
testis. The testicular epidermoid cyst deserves special consider- 
ation, which must only be covered with squamous epithelium 
(Fig. 11-15). It is recommended that the specimen be examined 
in toto to avoid underdiagnosis of any area of teratoma (espe- 
cially among postpubertal patients) or intratubular germ cell 
neoplasia, since sonographically it is not possible to distinguish 
between epidermoid cyst and cystic teratoma.!°° Epidermoid 
cysts represent 1% of the masses of the testes. Recent genetic 
studies have shown that there is no chromosome 12p abnormal- 
ity," thus supporting its distinction from teratoma. 


Cystic Dysplasia of the Rete Testis. Cystic dysplasia of 
the rete testis (Fig. 11-16) is a congenital lesion with com- 
plete testicular parenchymal substitution by the cyst.'” The 
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Figure 11-15 W Testicular epidermoid cyst. Intratesticular cyst 
covered by mature squamous cell epithelium with keratinization. 


cysts of the rete testis are not always contiguous to it, and 
they are characterized by being covered by flat epithelium 
alternating with cuboidal epithelium. It is believed that they 
are a consequence of a defect in the connection between the 
efferent tubules and the rete testis, for which reason they can 
also be found in the literature under the term testicular cystic 
dysplasia,'** especially when it substitutes nearly the entire 
parenchyma. 


Congenital Testicular Lymphangiectasis. The disease 
is a congenital malformation consisting of an abnormal 
expansive development of lymphatic vessels in the paren- 
chyma and the tunica vasculosa in both testes with absence 
of other lymphangiectasis.!** It was described for the first 
time in a patient with bilateral inguinal cryptorchidism but 
also in Noonan syndrome, and cases without any other coex- 
isting pathology have also been reported.’ The testes show 


Figure 11-16 W Cystic dysplasia of rete testis. Testicular 
parenchyma is nearly completely replaced by the rete testis cysts 
(upper left) so that they are covered by flat epithelium alternating 
with cuboidal epithelium. 


normal tubular development with normal germ cell numbers 
and also normal Leydig cell numbers or changes of cryptor- 
chidism or Noonans syndrome. 


Gonadoblastoid Testicular Dysplasia 

Gonadoblastoid testicular dysplasia is a rare lesion with only 
seven published cases in the literature.!°° Several cases with 
this disorder have been reported in patients with Walker- 
Warburg syndrome (lethal genetic disease associated with 
a cobblestone-type lissencephaly, eye abnormalities, and a 
type of muscular dystrophy)!” or with 46XY karyotype and 
multiple congenital anomalies.!°* 

It consists of large tubular or nodular structures within a 
dense stroma, reminiscent of ovarian stroma. Each structure 
is composed of three cell types: cells with vesicular nuclei 
and vacuolated cytoplasm; cells with hyperchromatic nuclei; 
and germ cell-like cells. The former two types are arranged 
at the periphery, forming a pseudostratified epithelium. The 
third type resembles fetal spermatogonia and is smaller in 
number. These structures contain eosinophilic, periodic 
acid—Schiff—positive material, similar to Call-Exner bodies. 
The differential diagnosis is with testicular dysgenesis, but 
these are male pseudohermaphrodites with miillerian rem- 
nants, and gonadoblastoma usually appears in a streak gonad 
or dysgenetic gonad and the testes contain granulosa—Sertoli 
cells and germ cells that are similar to those of dysgermi- 
noma or seminoma; these cells are absent in gonadoblastoid 
testicular dysplasia. 


VASCULAR LESIONS 


The testicle can present with various vascular lesions that 
lead to ischemia or hemorrhage. Among the causes of vas- 
cular lesions, traumas and torsions are the most common, 
although one must not overlook the states of hypercoagula- 
bility and vasculitis. 


Testicular Infarction 


Testicular infarctions related to vasculitis (see Testicular 
Vasculitis) and hematologic disorders have been described, 
but the most common cause is torsion. 


Testicular Torsion 


It can be intravaginal or extravaginal (infrequent and more 
common in prepubertal age). The two ages of highest inci- 
dence are perinatal and pubertal, but this pattern seems to 
change, and more cases, especially of the intravaginal vari- 
ant, are beginning to be seen in young adults.!* 

The causes of torsion have not been sufficiently clari- 
fied, but anomalies of the tunica vaginalis seem to play a 
role. The testis is fixed to the scrotal wall by three structures. 
The reduction of these attachment surfaces facilitates intra- 
vaginal torsion. The hypercontractibility of the dartos and 
the spiral insertion of the muscular fibers of the cremaster 
with a high reflection of tunica vaginalis can explain the cord 
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torsions by sudden body movements or by energic cremas- 
teric contractions.!° Other predisposing factors are a very 
long gubernaculum testis, a long or badly placed epididymis, 
and spermatic artery anomalies. The rate at which ischemia 
is established depends on the degree of vascular disturbance 
and whether it affects only the venous portion (great conges- 
tion and subsequent infarction) or both venous and arterial 
portions. 

The morphologic appearance, both macroscopic and 
microscopic, depends on the degree of torsion (and conse- 
quently on the ischemia) and on the time of testis incarcera- 
tion. Interruption of venous drainage causes edema, vascular 
congestion, rupture of venous wall, and interstitial bleed- 
ing. In the most evident cases, the testis turns dark red, has 
a greater solid consistency to the touch, and has a smooth 
external surface; the cut surface has an appearance similar to 
the external surface. Microscopically, hemorrhagic infarction 
with extravasated erythrocytes is seen; initially, there is con- 
servation of germ cells, which later disappear (Fig. 11-17). 
Occasionally, a granulomatous reaction with macrophages, 
multinucleated giant cells, lymphocytes, plasma cells, and/ 
or fibrous connective tissue at the periphery of the lesion 
has been reported. In the spermatic cord, lipomembranous 
fat necrosis with cystic cavities that are bounded by wavy 
hyaline membranes has been reported.!*! 

The most important clinicopathologic questions include 
the following: (a) when should torsion be suspected? (b) how 
soon does the urologist have to untwist the testicle before 
irreversible changes take place? and (c) how does the torsion 
impact fertility? Testicular torsion produces acute pain, and 
that can induce inflammation of the scrotal skin. Therefore, 
torsion is clinically suspected if cord thickening and lateral- 
ization or anterior positioning of the epididymis is found.'” 
The time required for irreversible changes is very difficult to 
estimate. Experience has shown that there will be severe alter- 
ations within 2 hours and necrosis within 6 hours,'® but that 


Chapter 11 Œ Nonneoplastic Lesions of the Testis 725 


chronology is difficult to transfer into clinical practice since it 
depends on the intensity and type of obstructed vessels. 

One of the most debated dilemmas is the influence of tor- 
sion on the contralateral testicle. Studies have shown that 
serious alterations in the untwisted contralateral testicle 
can develop via the twisted testicle through some type of 
immune reaction,'™ but more recent studies have shown that 
unilateral testicular and epididymal torsion had no effect on 
the contralateral testis.’ 


Segmental Infarction 


An infrequent situation is focal testicular infarction; both 
its clinical picture and ultrasonographic image can be con- 
fused with a testicular tumor. A venous rupture followed 
by thrombosis and infarction can be the origin of this focal 
infarction (for more information see the section on nonneo- 
plastic tumorous conditions.). 


Appendix Torsion 


The testicular appendix (hydatid of Morgagni), seen in 80% 
to 92% of men, undergoes torsion and infarction more fre- 
quently than the epididymis appendix does. The clinical 
picture is identical to that of testicular infarction, and its 
appearance is that of a hemorrhagic infarction.'* Its etio- 
pathogenesis is unknown. 


Other Infarction Causes 


Many other causes of testicular infarction are refereed in the 
literature and amongst them trauma, orchitis, epididymitis, 
and cryptorchidism are the most important.!°!” 


Hematocele 


The accumulation of hemorrhagic material in the vaginal 
space is known as hematocele. Many times it is distrib- 
uted diffusely, although it occasionally acquires a more 


Figure 11-17 W Testicular infarction. A: Initial changes with interstitial hemorrhage, seminiferous tubules compression, and germ 
cell desquamation. B: Advanced changes with complete tubular necrosis (phantom contours). 
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pseudotumoral appearance. The long-standing hematocele 
can lead to fibrosis and calcification, with accumulation of 
hemosiderin'”' and cholesterol crystals associated with the 
formation of granulomas. !”? 


Varicocele 


Varicocele is characterized by dilation, elongation, and 
increase of the sinuosity of the vessels in the spermatic 
(pampiniform) plexus secondary to the increase in venous 
pressure that leads to anomalous blood flow to that venous 
system. The cause is unknown, but there is speculation that 
the cause is associated with conditions that damage venous 
drainage (venous valve anomalies, alterations of the muscles 
of the venous wall, extrinsic compressions, and pressure 
problems). 

Varicoceles are found in 8% to 23% of the general popu- 
lation.!”? They occur more frequently in smokers and on the 
left side (probably because of the greater hydrostatic pres- 
sure secondary to its greater length or because its drainage 
in the renal vein occurs at a right angle). Although they can 
present at any age, they are more common in puberty.'“ 

Alterations in the testicle are very diverse and difficult 
to attribute only to varicocele since many of these changes 
are nonspecific and common to many other processes. The 
usual changes with varicoceles include fibrosis of the wall 
in the veins of the albuginea, dilation of the interstitial 
veins, cytoplasmic vacuolization of the Sertoli cells, abnor- 
mal spermatogenesis, and germ cell sloughing; except for 
the venous ectasia in the testicular stroma, no specific fea- 
ture is associated with the vascular origin of these changes, 
and their influence on infertility is still debated.'” 


Testicular Lesions in Arteriosclerosis and 
Hypertension 


It is difficult to evaluate the changes that are secondary to 
generalized vascular pathologic changes because these 
pathologic changes are typically seen in advanced ages and 
cannot be easily distinguished from the changes caused by 
aging." 


Testicular Vasculitis 


As seen in other organs, vasculitis can be isolated or can 
be in the context of a systemic form. Its morphologic fea- 
tures are not unique or pathognomonic toward one form 
of vasculitis or the other'”; thus, the clinical history con- 
tinues to be used for making these diagnoses. Many differ- 
ent types of vasculitis in the testicle have been described, 
including Henoch-Schénlein purpura,'" rheumatoid arthri- 
tis, 8 and dermatomyositis'”; however, the most frequent 
types of vasculitis seen in the testis are polyarteritis nodosa 
(PAN)'* (Fig. 11-18), giant cell vasculitis,'*' and Wegener 
granulomatosis.'**'® 

Clinically, vasculitis of the reproductive system occurs 
in up to 18% of males with systemic PAN. At autopsy this 


Figure 11-18 W Testicular vasculitis. Isolated vasculitis of 
PAN type. 


system is involved in 60% to 86% of cases.'* The testes usu- 
ally show arterial lesions in different stages of evolution. The 
parenchyma has areas of infarction and scar lesions. PAN 
is the type of systemic vasculitis most frequently associated 
with testicular involvement. Testicular vasculitis occurs as 
isolated vasculitis in men usually presenting with a testicular 
mass in the absence of systemic symptoms and normal labo- 
ratory results. It is an unexpected finding in most isolated 
testicular vasculitis patients wherein a testicular neoplasm 
is initially suspected. Isolated testicular vasculitis does not 
require systemic therapy.!* 


LYSOSOMAL STORAGE DISEASES | 


Lysosomal storage diseases are a heterogeneous group 
of disorders caused by lysosomal enzyme dysfunction. 
Individually they are very rare, but this group as a whole has a 
prevalence of more than 1:8,000 live births. Musculoskeletal 
complaints are frequently the first reason for the patient to 
seek medical advice.'*° 

Types A and B Niemann-Pick disease, lysosomal stor- 
age disorders resulting from the deficient activity of 
acid sphingomyelinase, in mice present characteristic 
lipid-filled vacuoles with storage vesicles within Sertoli 
cells of the seminiferous tubules. Lipid accumulation in 
the seminiferous tubules in the gonads results in regu- 
latory volume decrease defects within the developing 
sperm with morphologic abnormalities such as kinks and 
bends at the midpiece—principle piece junction evident in 
spermatozoa. !*’ 


INFLAMMATORY DISEASES | 


A number of agents can produce a testicular inflammatory 
reaction (Table 11-4), but as in other organs, inflammatory 
lesions of the testicle can be classified as acute or chronic, 
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Table 11-4 m MOST FREQUENT AGENTS 


OF TESTICULAR INFLAMMATION 


Bacterial: 
Escherichia coli 
Klebsiella 
Pseudomonas 
Haemophilus influenzae 
Proteus mirabilis 
Neisseria meningitidis 
Salmonella 
Pneumococci 
Streptococci 
Staphylococci 
Mycobacterium tuberculosis 
Mycobacterium leprae 
Brucella melitensis 
Treponema pallidum 
Fungal: 
Coccidioides immitis 
Blastomyces dermatitidis 
Cryptococcus neoformans 
Histoplasma capsulatum 
Parasites: 
Schistosoma haematobium 
Wuchereria bancrofti (filariasis) 
Virus: 
Mumps 
Coxsackie B 
Echovirus 
Infectious mononucleosis 
Smallpox 
Varicella 
Rubella 
Adenovirus 
SARS 
Special Tissular Reactions of Unknown Agent: 
Idiopathic granulomatous orchitis 
Malakoplakia 
Xantogranulomatous orchitis 
Sarcoidosis 
Lymphocytic orchitis 
Rosai-Dorfman disease 


and in turn as bacterial, nonbacterial, or idiopathic with a 
peculiar tissue response. Moreover, inflammatory lesions of 
the testicle can be an expression of another infectious or gen- 
eralized inflammatory process. Given that the greater part of 
the infectious processes, whether local or systemic, affects 
both the testicular parenchyma and the epididymis, it is a 
general rule to use the term epididymo-orchitis. 


Acute Epididymo-orchitis 


Acute epididymo-orchitis can be subdivided into acute bacte- 
rial and acute nonbacterial (acute viral) epididymo-orchitis. 
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Acute Bacterial Epididymo-orchitis 


Acute bacterial epididymo-orchitis in young men is usually an 
infection of venereal origin. Men between 14 and 35 years of 
age are most often affected and Chlamydia trachomatis and 
Neisseria gonorrhoeae are the causative organisms, whereas 
in older adults, this condition is usually associated with a 
Gram-negative bacillary infection secondary to infections of 
the urinary system,'** the most frequent being Escherichia 
coli, Klebsiella, Pseudomonas, Haemophilus influenzae, 
Proteus mirabilis, Neisseria meningitidis, Salmonella, pneu- 
mococci, streptococci, and staphylococci. 

The clinical picture includes fever, pain, and increased 
size of the organ, a consequence of edema and the infiltration 
of neutrophils, lymphocytes, and plasma cells that, in a dif- 
fuse manner, start from the interstitium and expand into the 
seminiferous tubules with destroying germ cells (Fig. 11-19). 
Although not common, occasionally abscesses or infarc- 
tions can result, in which case one must search for anaerobic 
organisms and exclude the possibility of AIDS or diabetes.!*” 


Acute Viral Epididymo-orchitis 


Many viruses can affect the testicle. The mumps virus and 
Coxsackie virus are the most frequent,!” but cases caused 
by the echovirus or by infectious mononucleosis, smallpox, 
varicella, rubella,!?! adenovirus and even severe acute respi- 
ratory syndrome (SARS) viruses have been reported. "°? 
Mumps virus epididymo-orchitis occurs in 36% of 
patients with acute viral epididymo-orchitis and is bilateral in 
15% of them. In the inflammatory exudate, the lymphocytes 
predominate over the neutrophils (Fig. 11-20). About the 
3rd week after infection, fibrosis of the tubules is produced 
and is frequently the cause of sterility, either through direct 
destruction or through production of antisperm antibodies. !” 
In AIDS the testis shows many CD4* lymphocytes, indi- 
cating the presence of abundant host cells (T-helper/-inducer 


Figure 11-19 W Acute bacterial orchiepididymitis. Acute 
interstitial inflammation with tubular extension and germ cell 
destruction. 
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Figure 11-20 W Viral orchitis. Tubular fibrosis with scant 
lymphocytic infiltration and residual intratubular Sertoli cells. 


lymphocytes and macrophages) for HIV-1. Furthermore, 
macrophages and cells of lymphocytic morphology were 
observed migrating across the boundary walls of hyalinized 
seminiferous in tubules to enter the lumen. !°* 


Chronic Epididymo-orchitis 


Chronic epididymo-orchitis can be subdivided into non- 
specific chronic epididymo-orchitis and granulomatous 
epididymo-orchitis. 


Nonspecific Chronic Epididymo-orchitis 


Inadequate therapeutics or certain immunologic characteris- 
tics of the patient can cause acute inflammatory lesions to 
progress to a chronic form, focal or diffuse, with a predomi- 
nance of scarring changes and lymphocytic infiltrate. If the 
patient does not seek medical attention until his or her disease 
is in advanced phases, it is impossible to determine the cause. 


Granulomatous Epididymo-orchitis 


A large percentage of chronic epididymo-orchitis cases are 
characterized microscopically by granulomatous inflamma- 
tion. This is a very heterogeneous group with a common 
morphologic microscopic appearance of granuloma forma- 
tion; these cases are often secondary to systemic infections 
or correspond to particular tissue responses. 


Epididymo-orchitis in Systemic Infections 


Practically all viral epididymo-orchitis belong in this group 
of epididymo-orchitis in systemic infections, and although it 
was described earlier, other variants will be discussed. 


Bacterial Infection with Testicular Involvement 


Tuberculosis 
The incidence of tuberculosis has increased with the increased 
incidence of immunodeficiency diseases (such as HIV)!” 


A fe 4 


Figure 11-21 WŒ Epididymal tuberculosis. Non-necrotizing 
granulomatous inflammation in the interstitium of epididymis. 


and with intravesical treatment with bacille Calmette-Guérin 
(BCG).'° Testicular involvement usually begins through the 
seminal duct system and within the context of renal tubercu- 
losis (50% of the patients with renal or prostatic tuberculo- 
sis develop testicular tuberculosis). Testicular tuberculosis is 
more prominent and occurs earlier in the epididymis than in 
the testicle itself. 

In orchiectomized cases, testicular tuberculosis is char- 
acterized by multiple, small (2 to 4 mm) white to yellow 
nodules with a uniform appearance, preferably located near 
the epididymis and corresponding to the initial granulomas 
(Fig. 11-21). In later phases, a broad substitution for the tes- 
ticular parenchyma can be seen with characteristics similar 
to those seen in the epididymis. The typical microscopic fea- 
tures are necrotizing caseating granulomas with epithelioid 
histiocytes and Langhans giant cells” (Fig. 11-22). In chil- 
dren, dissemination to the testis appears to be more hematog- 
enous than does dissemination to the seminal duct system.!”” 


Figure 11-22 W Testicular tuberculosis. Well formed gran- 
ulomata (with Langhans giant cells) without necrosis in testicular 
interstitium. 
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Brucellosis 

Brucella melitensis in endemic areas can produce orchiepi- 
didymitis'**: specifically, 6.8% of brucellosis patients have an 
orchiepididymitis and 6.5% of acute orchiepididymitis cases 
are etiologically related to brucellosis.!” Microscopically, 
there is dense lymphohistiocytic infiltrate, often with non- 


necrotizing granulomas.” 


Syphilis 

The typical lesion in syphilis is the gumma, a broad area of 
necrosis with “phantom” preservation of the tubule edges 
and inflammatory granulomatous reaction with lymphocytes 
and plasma cells. Endarteritis is also present.” In congenital 
syphilis, the testicular involvement can be bilateral. Recent 
reports cite the development of syphilitic testicular involve- 
ment in males with HIV 1 viral infection.2” 


Leprosy 

Men with lepromatous or borderline leprosy can develop 
testicular and epididymal changes.*”' Semen analysis has 
revealed marked oligospermia or azoospermia in up to 10% 
of cases.*” Very rarely, testicular involvement is the pri- 
mary manifestation of the disease.*” It is usually bilateral, 
although the degrees of involvement may differ. Classically, 
three morphologic phases are defined: the vascular phase 
(perivascular lymphocyte infiltrate), the interstitial phase 
(with lymphocytes and intertubular macrophages), and the 
obliterative phase (with tubular fibrosis, Leydig cell aggre- 
gates, and endarteritis obliterans). However, there is marked 
variation in histopathologic findings in testes; hence, it is dif- 
ficult to categorize results into the vascular, interstitial, or 
obliterative phase.””! 


Fungal Infection with Testicular Involvement 


Fungal infection with testicular involvement is rare. The 
most frequent fungal infections of this type include coc- 
cidioidomycosis,*™ blastomycosis, cryptococcosis, and 
histoplasmosis. These infections have been observed in 
immunosuppressed patients and usually cause abscesses or 
granulomas with characteristics similar to those of tuber- 
culosis; therefore, only a demonstration of fungi (micro- 
scopically or through culture) permits a precise diagnosis. 
An isolated epidydimatis for histoplasma is referred in the 
literature.” 


Parasitic Infection with Testicular Involvement 


Parasitic infections can be found in the gonads, with fila- 
riasis™™ and schistosomiasis?” being the most frequent. In 
both infections, there is a predominant spermatic cord and 
epididymal involvement, and the testicular lesions are usu- 
ally secondary to the vascular manifestation by the parasites. 


Special Inflammatory Testicular Reactions 


This section includes inflammatory processes that are 
characterized by a particular tissue response; most are of 
unknown etiology. 
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Idiopathic Granulomatous Orchitis 


This entity was identified in a group of patients with lesions 
that clinically mimic tuberculosis or neoplasia and had testic- 
ular enlargement associated with a noncaseating granuloma- 
tous inflammatory process without tuberculosis bacilli. An 
attempt was made to correlate this disorder with thrombotic 
phenomena of the pampiniform plexus””*; however, most 
researchers support an autoimmune origin for this condi- 
tion.” Patients are usually in the fifth or sixth decade of life. 

The lesion typically affects the testicle, giving it a whitish 
and homogeneous appearance that is sometimes macroscop- 
ically indistinguishable from a seminoma or lymphoma. The 
albuginea can be thickened. The section surface is nodular 
with occasional necrotic areas. 

Microscopically, the inflammatory involvement has two 
patterns: (i) interstitial when the granulomas predominate in 
the interstitium and (ii) tubular when the granulomas are pre- 
dominantly in the seminiferous tubules. Epithelioid histiocytes 
and occasional giant cells, which give a distinct granulomatous 
appearance, are most commonly seen but polymorphonuclear 
cells can also be recognized. The germ cells are destroyed. 
Characteristically the granulomas in this lesion are intratubular 
(Fig. 11-23). Forty percent of the patients have spermatic gran- 
ulomas in the epididymis. These two morphologic types corre- 
late with two experimental animal models (injection of immune 
cells for interstitial and injection of the serum of affected ani- 
mals) suggesting two different immunologic ways.’ 

It is mandatory to distinguish this entity from the granulo- 
matous lesions in systemic infections, in which the granulo- 
mas are in general situated in the interstitium with secondary 
intratubular extension.*'® If the location of the granuloma is 
in doubt, staining with reticulin silver can be of help. 


Malakoplakia 


Malakoplakia is secondary to a decrease in cyclin—guanine 
monophosphate in mononuclear cells that impairs the killing 


Figure 11-23 E Idiopathic granulomatous orchitis. Tubular 
granulomatous inflammation without necrosis. The interstitium is 
noninvolved or shows scanty inflammatory reaction. 
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Figure 11-24 E Testicular malakoplakia. A: Plasma cells, lymphocytes, and macrophages with eosinophilic inclusion bodies (H&E). 
B: Macrophages/von Hansemann cells with inclusion bodies (Michaelis-Gutmann bodies) representing fusion of the phagolysosomes with 
bacterial rests (PAS). 


of bacteria. Fusion of the phagolysosomes with bacterial 
rests produces the characteristic Michaelis-Gutmann bodies 
(granular basophilic periodic acid—Schiff—positive, diastase- 
resistant inclusions of 5 to 8 um with calcification with a tar- 
getoid appearance with a dense central core) in the cytoplasm 
of the macrophages (von Hansemann cells)”!! (Fig. 11-24). 

Testicular involvement is seen in only 12% of genital 
malakoplakia, with about 400 reported cases?!??!3; however, 
genital malakoplakia may affect only the epididymis.’ 
Macroscopically yellowish-brown nodules are present, often 
with formation of abscesses. Microscopically, early in the 
disease, inflammatory cells mixed with histiocytes and scant 
Michaelis-Gutmann bodies, very difficult to appreciate with 
H&E, are seen. In the terminal phase, the characteristic von 
Hansemann cells are present with tubular destruction. Late 
in the disease, an extensive fibrosis can appear. Giant cells 
are occasionally seen or are absent. Immunohistochemical 
studies show histiocytes, which are positive for CD68 anti- 
bodies, lysosomes, and o-chymotrypsin. Gram stain may 
demonstrate Gram-negative bacteria. Ultrastructurally, there 
are curved membrane-bound phagolysosomes containing 
whorled and parallel lamellar phospholipids. 

The differential diagnosis includes idiopathic granuloma- 
tous orchitis (but both conditions have been related in their 
pathogenesis to idiopathic granulomatous orchitis)*!°?" 
and Leydig cell tumors with eosinophilic cells containing 
Reinke crystalloids and without a significant inflammatory 
component. 


Xanthogranulomatous Orchitis 


Some cases of xanthogranulomatous orchitis in the tes- 
tes?!6?!7 have been described as having a homogeneous 
appearance on cutting and the characteristic accumulations 
of foamy histiocytic cells (Fig. 11-25), which have been 
correlated with malakoplakia.”!* However, characteristic 


Michaelis-Gutmann bodies cannot be demonstrated. Some 
cases of xanthogranulomatous periorchitis*’” have also been 
reported. 


Sarcoidosis 


Testicular involvement in systemic sarcoidosis?” is exceed- 


ingly rare, and its presentation as the primary form is even 
rarer; in these cases, the epididymis is affected more, with 
the testicle being involved by contiguity.” 


Lymphocytic Orchitis 


Lymphocytic orchitis is also called testicular pseudolym- 
phoma and is characterized by a lymphocytic and plas- 


macytic cell reaction with germinal center formation and 
destruction of the testicular parenchyma (Fig. 11-26) that 
may be confused with a lymphoma; immunohistochemical 
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Figure 11-25 Œ Xanthogranulomatous orchitis. Accumulation 
of foamy histiocytes without Michaelis-Gutmann bodies. 
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analysis, however, shows that the cellular infiltrate is poly- 
clonal. The absence of endarterial lesion and of granulomas 
distinguishes lymphocytic orchitis from syphilis.” 


Rosai-Dorfman Disease 


Histologic examination of the testicular mass in Rosai- 
Dorfman disease reveals an inflammatory lesion compris- 
ing lymphocytes, plasma cells, and sheets of pale staining 
histiocytes, some containing lymphocytes within their ample 
cytoplasm, suggestive of emperipolesis (Fig. 11-27). The 
histiocytes characteristically stain positively for CD68 and 
S100 and negatively for CDla by immunohistochemical 
analysis. Ultrastructural examination confirms that macro- 
phages phagocyte intact lymphocytes (emperipolesis).”” 


INFERTILITY 


There are many reasons why a male is infertile. Many of the 
pathologic conditions described up to now can cause it; thus, 
some of them are diagnosed in an infertility study. Infertility 
can also be secondary to pharmacologic treatments. Many 
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Figure 11-26 E Lymphocytic orchitis. A: Interstitial lym- 
phocytic and plasmacytic cell reaction with tubular compression. 
B: B lymphocytes (CD20 positive). C: T lymphocytes (CD3 positive). 


times, however, the cause of infertility is unknown. This 
has led to testicular biopsies being conducted to try to 
find the causes of infertility so that actions can be taken to 
resolve the problem. From the first biopsies performed in 
the 1940s? until now, however, biopsies have rarely dis- 
closed the responsible etiologies or clinicopathologic enti- 
ties, and if we add these disappointing attempts to the results 
from genetic (karyotyping) and endocrinologic studies, the 
clinical utility of these attempts is poorer than ever before. 
Nevertheless, the testicular biopsy in the assessment of male 
infertility continues to have its uses, and pathologists must 
therefore know about the interpretation of these biopsies for 
conveying optimal information to andrologists. 

If we group male infertility by seminogram findings, the 
principal states are azoospermia, cryptozoospermia, and oli- 
gozoospermia with more or less asthenozoospermia. If we 
group types of male infertility by pathology we could sub- 
divide them into pretesticular, testicular, and posttesticular. 

The indications for testicular biopsy are for diagnosis and 
for testicular sperm extraction. According to these guidelines, 
the obstructive azoospermia and the normogonadotropic 
or hypergonadotropic azoospermia are the most common 
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Figure 11-27 W Rosai-Dorfman disease. A: Lymphocytes, 
B: Histiocytes with emperipolesis. 


indications in infertility. Testicular biopsy is also indicated 
in case of azoospermic Klinefelter patients, because sper- 
matogenesis, even at a very low rate, might occur.””° 

A diagnostic biopsy is also indicated to exclude intratu- 
bular germ cell neoplasia especially in cases of nonhomo- 
geneous testicular ultrasonography and more controversially 
in the contralateral testis of a patient with a testicular germ 
cell tumor. 


Handling of Testicular Biopsies 


To correctly assess the testicular biopsy, careful handling of 
the sample is necessary to avoid artifacts of the cellular com- 
ponents of the seminiferous tubule. 

The size of the biopsy specimen should not exceed 3 mm 
and should be bilateral. In these specimens, rapid and proper 
fixation is of utmost importance, for which reason it is recom- 
mended that they be preserved in Bouin liquid. This type of 
biopsy is typically prepared for various studies; for this rea- 
son, one must take into account that some portion of the speci- 
men (or minimum parts of that sent to the pathologist) must 
be preserved for ancillary studies. The fresh tissue can be pre- 
served about 5 hours in a wet chamber at 4°C. For each of the 
biopsies, three consecutive sections must be cut for each of the 
following recommended histochemical stains: hematoxylin— 
eosin, Masson trichrome, and orcein for elastic fibers. 

Testicular biopsies for infertility are distinguished from 
other biopsies by the fact that most of the time, a diagnosis 
of a clinicopathologic entity is not reached, but rather an 
assessment is made of the functional state. This means that a 
“reading” of the findings must be made rather than an inter- 
pretation, and consequently one must be highly quantified to 
recognize the different parameters without omitting an assess- 
ment of the qualitative variations; from the integration of all 
these parameters, useful information can be provided in the 
assessment of male infertility. A diagnostic algorithm of testis 
biopsy for infertility interpretation is seen in Figure 11-28. 


plasma cells, and histiocytes without granulomatous inflammation. 


As in any pathologic study, the assessment must start 
at a low magnification to be able to assess whether it is a 
diffuse or focal lesion. After this observation, the state of 
the tubules, the characteristics of the intertubular cells, and 
finally the characteristics of the stroma must be evaluated. 
The morphologic evaluation is made with quantitative and 
qualitative criteria. 


Evaluation of the Testis Biopsy 


A quantitative study of the testis biopsy usually refers to the 
quantification of the different cell types and structural mea- 
sures (tubular wall, vessels, interstitium). For counting of 
the cells, at least 10 tubules must be chosen from each side, 
which is possible if five or six sections are obtained; tubules 
must be selected with the most perpendicular section pos- 
sible (avoiding tubules with elliptical sections). 


Tubular Cells 


The normal amount of Sertoli cells and of each of the germ 
cells is mentioned in the description of the normal adult testicle. 
There is a certain correlation between the number of mature 
spermatids and that of spermatozoids in the semen, so a pos- 
sible obstruction should be suspected if more spermatids are 
counted than expected from the concentration of the semen.””’ 
In the literature, correlation indices are also used between 
histologic structures such as the number of germ cells per 
Sertoli cells, the number of germ cells per length unit of 
the tubular perimeter (average of 31 um), or the number of 
Sertoli cells per tubule (10.4 + 2). Other indices are more 
generic such as Johnsen’s, which varies from 0 (complete 
inactivity) to 10 (preserved spermatogenesis); the normal 
index is 9.1.78 The Bergmann and Kliesch’”’ score based on 
the percentage of tubules showing elongated spermatids is 
also used. These indices are usually used more to compare 
results in articles than for the daily assessment of patients. 
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Figure 11-28 E Algorithm for assessment of infertility. 


It is also necessary to describe the anomalies of germ 
cells, such as the presence of the following: giant spermato- 
gonia that must be distinguished from intratubular neoplas- 
tic cells (with the latter expressing PLAP and OCT3/4)*°*!; 
multinucleated spermatogonia and spermatids that appear 
with age and in cryptorchid testis; megalospermatocytes; 
and abnormal spermatids.” 


Interstitial Cells 


Quantifying interstitial cells in an isolated manner is more 
difficult; for this reason, the number of Leydig cells per 
tubule (5 + 0.2) or per nest (1.2 + 0.3) is evaluated. 

One must bear in mind that interstitial cells such as Leydig 
cells tend to be grouped according to age; for this reason, 
in conditions in which tubules are reduced in diameter, the 
Leydig cells acquire a pseudohyperplastic appearance. To 
recognize true Leydig cell hyperplasia, one must take into 
account not only the increase in cell number but also the 
increased cell size, the increased number of nucleoli, and 
the absence of Reinke crystalloids.*” This infrequent situa- 
tion can be found in patients treated with nonsteroidal anti- 
androgens and in syndromes of insensitivity to androgens.” 
Any aggregate of inflammatory cells must be reported by the 
pathologist, with special reference to the mast cells.” 
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Tubular Wall 


The thickness of the tubular wall is usually assessed subjec- 
tively, but it is worthwhile to remember that in the normal 
state, it usually has a thickness of 5.3 + 1 um. 

Histologic evaluation additionally includes the consider- 
ation of cytologic alterations in Sertoli cells and germ cells. 
Bouin-fixed and paraffin blocks provide the opportunity for 
functional gene and protein expression studies. 


Basic Testicular Lesions 
Tubular Hyalinization 


All of the pathologic conditions that profoundly damage the 
tubular germ cells can result in a total loss of these cells and 
in tubular hyalinization representing the end stage of sev- 
eral pathologies. According to the pathologic features of the 
tubular hyalinosis, it is possible to trace its etiology. 


Dysgenetic Lesions 

Dysgenetic lesions are usually observed in Klinefelter syn- 
drome. The tubules lack elastic fibers, there is marked 
reduction of the tubular diameter, and tubules can have ahomo- 
geneous disc-like appearance (Fig. 11-29A). Occasionally, 
Sertoli cells persist and even some germ cells may be seen.” 
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Figure 11-29 E Testicular tubular hyalinization. A: Dysgenetic 
type in a Klinefelter syndrome. B: Hormonal deprivation type in a 
prostate cancer patient treated with hormone therapy. C: Ischemic type 
post-testicular infarction. 


Dysgenetic changes also are observed in the Leydig cells, 
which acquire an irregular appearance (from large-sized cells 
to very small ones); in addition, there is a decrease in Reinke 
crystalloids and an increase in paracrystalline structures. The 
general arrangement of the Leydig cells is pseudoadenoma- 
tous, although their total number is decreased. Functionally, 
the secretion of testosterone decreases.*” 


Hormonal Deprivation 

Hormonal deprivation can be primary (lesions of the hypophysis 
or the sella turcica) or secondary to prolonged treatments with 
estrogens or antiandrogens.”°7** The sclerosed tubules have 
preserved elastic fibers. The peritubular cells are seen around 
the tubules, and there is a loss of Leydig cells (Fig. 11-29B). 


Ischemic Etiology 

In cases with an ischemic etiology, the intratubular cells are 
more affected than the interstitial cells; for this reason, the 
Leydig cells are more preserved than in the other variants 
(Fig. 11-29C).*” 


Post-inflammation 
Severe inflammation associated with bacterial infections 
usually produces generalized scar fibrosis, whereas viral 


infections preferentially affect the seminiferous tubules and 
usually show focal tubular sclerosis among areas of better 
preserved tubules. 


Other Types of Tubular Hyalinization 

Other types of tubular hyalinization can be found in obstruc- 
tive etiologies, in endocrine diseases (Addison disease and 
diabetes), and surrounding germ cell tumors or in tubules 
with germ cell intratubular neoplasia. 


Sertoli Cell-only Syndrome 


The absence of germ cells with persistent Sertoli cells 
(Sertoli cell-only syndrome) was first called Del Castillo 
syndrome?” and was attributed to a lack of migration of the 
germ cells from the wall of the yolk sac to the genital ridges. 
It has been proven that this type of azoospermia can be due 
to very different reasons, which is why the descriptive term 
of Sertoli cell-only syndrome is now used. 

On the basis of the morphologic features of Sertoli cells and 
the characteristics of the tubules, five different types have been 
distinguished for their morphologic features, and these subtypes 
can correlate with the etiology of the syndrome (Table 11-5). 
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Table 11-5 m MORPHOLOGIC FEATURES OFTHE DIFFERENT SERTOLI CELLS IN SERTOLI 


CELL-ONLY SYNDROME 


Immature Dysgenetic Mature Atrophic Dedifferentiated 
Nuclei Oval Spherical/oval Triangular Lobed Round 
Nucleolus Absent/small Normal Normal Normal Small 
Cytoplasm Eosinophilic Eosinophilic Clear Clear apical Small vacuoles 
Big vacuoles Eosinophilic basal 
Tubular No elastic fibers; no Few elastic fibers; Normal lumen Fibrosis; normal Fibrosis; reduced 
features lumen; pseudostratified small lumen lumen lumen 


arrangement of Sertoli cells 


Immature Sertoli Cell-only Syndrome wall are usually lacking, and although occasional isolated 
In patients with immature Sertoli cell-only syndrome, spermatogonias can be found, it is usually the tubules that 
the Sertoli cells have a prepubertal appearance, distin- lack a central light. Immature Sertoli cell-only syndrome 


guished by their pseudostratified distribution and oval usually appears in patients with a deficiency of FSH or 
nuclei without nucleolus (Fig. 11-30A). The number of LH, which explains why the Leydig cells are also typi- 
Sertoli cells is increased. The elastic fibers of the tubular cally lacking.) 
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B: Dysgenetic Sertoli cells with spherical nuclei and eosinophilic cytoplasm. C: Mature Sertoli cells with normal features and big “vacuoles.” 
D: Atrophic Sertoli cells with flat cytoplasm, spherical nuclei. 
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Dysgenetic Sertoli Cell-only Syndrome 

Dysgenetic Sertoli cell-only syndrome is considered dys- 
genetic because the Sertoli cells show different degrees 
of maturation in different tubules or in the same tubule 
(Fig. 11-30B). Sertoli cells can demonstrate focal immu- 
nohistochemical expression of AMH,” and the nucleus 
is spherical or oval. Tubular lesions are present, indicating 
dysgenesis (such as a reduction and even loss of the tubular 
lumen). Dysgenetic Sertoli cell-only syndrome is found in 
cryptorchid testicles and in Y chromosome anomalies.” 


Mature Sertoli Cell-only Syndrome 

In mature Sertoli cell—-only syndrome, the Sertoli cells are 
normal morphologically, although they are present in greater 
amounts than in a normal testicle (14 + 0.8) (Fig. 11-30C).°? 
The tubules are reduced in size but larger than in other vari- 
ants, the cells have cytoplasmic vacuoles, and some degree 
of fibrosis of the wall can be seen. This variant could be the 
same as described by Del Castillo et al.?°° 


Atrophic Sertoli Cell-only Syndrome 

Atrophic Sertoli cell—-only syndrome is characterized by Sertoli 
cells with degenerative nuclear changes (lobed appearance with 
nucleolus) and cytoplasmic changes (apical vacuoles and fibrils 
of vimentin in the basal area) (Fig. 11-30D). There is a progres- 
sive loss of the germ cells, reduction of the tubular diameter, 
fibrosis, and tubular hyalinization. Disorders of Leydig cells 
can also be found.” The cause is usually unknown, except in 
case of prolonged chemotherapy or irradiation. 


Dedifferentiated Sertoli Cell-only Syndrome 
Dedifferentiated Sertoli cell-only syndrome occurs very 
infrequently and is observed in patients with previously 
normal testicles who are subjected to prolonged estrogen 
or antiandrogen treatments. The intensity of the changes is 
related to the dosage and is characterized by the loss of germ 
cells and dedifferentiated Sertoli cells with a round nuclei 
with small nucleolus.” 


Germ Cell Changes 


Most testicular biopsies for infertility are associated with 
germ cell alterations. 

Many methods to evaluate changes in the germ cells have 
been described. Two different compartments, basal (sper- 
matogonias) and luminal (spermatocytes and spermatids), 
can be considered. Logically, disorders of the basal compart- 
ment affect cells of the luminal compartment, and changes 
of the luminal compartment affect the spermatogonias. 

Based on germ cell involvement, cell changes can be sub- 
divided into two distinct categories—hypospermatogenesis 
and maturation arrest. 


Hypospermatogenesis 

Hypospermatogenesis involves disorders in both compart- 
ments and entails a global decrease of all the cell series, but 
preserves the proportion between spermatogonias and sper- 
matocytes of first order. It can be accompanied by tubular 
hyalinization.** The pure form usually has from 10 to 17 


Figure 11-31 E Hypospermatogenesis. All germ cell types 
are identified but in reduced numbers. 


spermatogonia per tubule and a similar proportion of mature 
spermatids (Fig. 11-31). The cause has been ascribed to a pri- 
mary defect in the stem cell population but recently Sertoli 
cell failure has been considered, but many other causes can 
be implicated such as hormonal, vascular, and chemical. 
Unfortunately, the morphologic features contribute little to 
the identification of the etiology. 


Maturation Arrest 

Maturation arrest is a block at a particular stage of sper- 
matogenesis; and the precursor cells are normal in this 
category. The arrest can be subclassified as (i) spermato- 
gonia arrest, in which there are fewer than 17 spermato- 
gonias per tubule and a lower number of spermatocytes, 
and mature spermatids are almost always lacking (Fig. 
11-32). The type of Sertoli cells, such as those identified 
in the Sertoli cell-only syndrome, can indicate the etiology 
of this lesion.”*” (ii) Maturation arrest in spermatocyte of 
first order (Fig. 11-33) is described as adequate maturation 
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Figure 11-32 E Spermatogonia arrest. Vacuolated Sertoli 
cells with few spermatogonia and spermatocytes of first order 
without evidence of other germ cells. 
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Figure 11-33 E Maturation arrest in spermatocytes of first 
order. Spermatogonia and spermatocytes of first order in normal 
quantity without evidence of spermatids. 


of spermatogonia and primary spermatocyte with a reduc- 
tion in all types of spermatids; in addition, a notably low 
cell nuclear antigen proliferating index in the tubules has 
been shown when compared with the index in normal 
testicle (29.8% vs. 86.5%).48 A similar finding has been 
observed with Ki67.*” Some researchers call this condi- 
tion late desquamation of spermatocytes of first order.” 
(iii) Maturation arrest in spermatids (Fig. 11-34) is the 
most common profile; for this condition, pathologists are 
obliged to count the mature spermatids to be able to cor- 
relate them with the concentration of spermatozoids in the 
semen. Some researchers call this condition desquamation 
of mature spermatids.’ 

Basal and luminal compartment changes are present in 
44% of biopsy specimens for infertility.” Seventy percent 
of testicles with lesions in the luminal compartment have 
patching or mosaic of lesions and are often associated with 
obstruction phenomena. 
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FIGURE 11-34 E Maturation arrest in spermatids. 


Spermatogonia, spermatocytes of first order, and immature sper- 
matids in normal proportion but few mature spermatids. 
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Figure 11-35 E Mixed atrophy. Seminiferous tubules with 
spermatogenesis intermixed with tubules with Sertoli cells only. 


Mixed Atrophy 


When tubules are found without germinal epithelium 
(Sertoli cell only) and are intermixed with tubules in which 
there is either complete or incomplete spermatogenesis and 
even tubular hyalinization, the descriptive term of tubular 
atrophic mosaicism or mixed atrophy (Fig. 11-35) can be 
used. The different tubules can correspond to the different 
lobes or can be tubules of the same lobe but with differ- 
ences in their route.” This can be secondary to varicoceles 
or chemotherapy but is also very typical of cryptorchidism, 
chromosomal syndromes (e.g., Klinefelter), and pseudo- 
hermaphroditism. When the pathologist encounters one of 
these biopsy specimens, they must evaluate the percentage 
of tubules with spermatogenesis, as well as their quality. 
Other changes are the presence of giant spermatogonia 
(Fig. 11-36) and true Leydig cell hyperplasia (Fig. 11-37) 
without Reinke crystalloids that can be present in patients 
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Figure 11-36 E Anomalies of germ cells. Giant spermato- 
gonia without nuclear atypia. 
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Figure 11-37 W Leydig cell hyperplasia. Increased number 
of Leydig cells without Reinke crystalloids. 


treated with nonsteroidal antiandrogens and in insensitivity 
to androgens syndromes. 


Changes in Obstructive Infertility 


The seminiferous tubules are followed by straight tubules, 
which are concentrated in the rete testis (covered by cuboi- 
dal epithelium), and these continue forward as the efferent 
ductules in the head of the epididymis, which are covered by 
columnar epithelium. All these ductules come together in a 
single epididymal duct (with high columnar epithelium), 
constituting the body and tail of the epididymis, which is 
in continuity with the ductus deferens, reaching the area 
of the seminal vesicles; from this confluence emerges the 
ejaculatory duct, which feeds into the back portion of the 
prostatic urethra.**’ Obstruction of this long route can occur 
owing to many causes and at different levels. These can be 
divided into intratesticular and extratesticular obstructions. 

Intratesticular obstructions can be tubular or of the rete 
testis. Tubular obstruction appears in cases of testicular dys- 
genesis or after epididymo-orchitis. Obstruction of the rete 
testis is more frequently seen in cases of varicocele.” 

Extratesticular obstructions can be systematized as prox- 
imal, middle, or distal. Proximal obstructions occur between 
the seminiferous tubules and the ductus deferens; the most 
typical cause is pathologic lesions of the head and body of 
the epididymis resulting in lack of connection between the 
rete testis and the efferent ductules. Middle obstructions are 
due to ductus deferens obstruction near the testicle and can 
be secondary to the agenesis of the former. Distal obstruc- 
tions appear between the distal portion of the deferent duct 
and the ejaculatory duct. 

The changes induced by the obstruction of the seminal 
secretion depend on the location of the obstruction and when 
it occurred. The intratesticular obstructions produce tubular 
ectasias only in patches (affected areas next to other normal 
areas). The extratesticular proximal obstructions also induce 
changes similar to those of the intratesticular obstruction, 
with lobular tubular fibrosis (in which occasional remaining 


Sertoli cells can be identified), along with normal testicu- 
lar lobules.” Middle obstructions are those that have the 
greatest impact on the epididymal head, with ectasia of the 
tubules, and which even affect the rete testis. The congeni- 
tal forms of obstruction usually produce fewer lesions than 
the acquired forms, and the obstructions after the level of 
the efferent ductules do not usually affect the seminiferous 
tubules since they absorb 90% of the tubular fluid and there- 
fore protect the testicular parenchyma. The distal obstruc- 
tions induce almost no testicular or epididymal changes. 

Post-vasectomy testicles can show fibrosis of the tubu- 
lar wall, stromal fibrosis, and loss of germ cells,’ which 
could be partially responsible for the decrease in postsemi- 
nal channel reconstruction for paternity, since it is decreased 
by 15% to 75%, according to various researchers.’ 


NONNEOPLASTIC TUMOROUS CONDITIONS 


Many lesions can simulate a neoplasm in the testis. These 
pseudoneoplastic lesions can be divided into those that mac- 
roscopically imitate neoplasia and those that microscopi- 
cally imitate neoplasia, regardless of whether they form a 
macroscopic mass.?°° 

The frequently encountered lesions that can simulate a 
neoplasm in the testis are described below. 


Macroscopic Mimickers of Testicular Neoplasia 


Frequently, lesions that macroscopically mimic testicular 
neoplasia affect the testicle and paratesticular structures and 
look like a tumor with atypical clinical features. According 
to their etiology, the following lesions can mimic a tumor: 


Segmental Testicular Infarction 


Most vascular disorders of the male gonad, such as intra- 
testicular hemorrhage and organizing testicular hematocele, 
are not confused with a tumor because, in addition to caus- 
ing acute symptoms, they usually affect the entire gonad. 
However, in the rare situation in which the vascular lesion 
is segmental, it can simulate neoplasia. The segmental tes- 
ticular infarction is a lesion clinically characterized by slight 
local pain unrelated to any acute episode’; it may be related 
to isolated or systemic vasculitis”? and have the morpho- 
logic features of PAN,” giant cell vasculitis,” or Wegener 
granulomatosis.” Other cases are seen in the context of 
hematologic disease (sickle cell anemia)** or are associated 
with nonspecific perivascular fibrosis. Any of the phases of 
an infarction can be observed from an acute (with hemor- 
rhage) to healing stage. Currently, a clinical diagnosis can be 
obtained with Doppler sonography,”™ avoiding orchiectomy. 


Meconium Periorchitis 


Meconium periorchitis is an infrequent inflammatory lesion 
(30 cases having been reported) that typically presents in 
the first months of life; typically, there is a clinical history 
of obstetric problems that caused meconium to be passed 
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Figure 11-38 E Meconium periorchitis. Residual keratin from 
meconium with calcification in a background of myxoid fibrous tissue. 


toward the testicular surrounding structures.” The macro- 
scopic appearance is a myxoid material with calcification of 
the remains of squamous cells or lanugo hairs (Fig. 11-38).?% 
Clinically, meconium periorchitis can simulate paratesticu- 
lar rhabdomyosarcoma. 


Sperm Granuloma 


As the name indicates, this granulomatous lesion with few 
giant cells results from the extravasation of spermatozoa 
generally postvasectomy (40% of vasectomized men and 
2.5% of general population) (Fig. 11-39). When it pro- 
duces a tumor-like lesion, it is usually located in the vas def- 
erens or the epididymis with firm nodules of 0.7 to 4 cm with 
occasional cysts formation. 


Orchitis 


Orchitis is characterized by nonspecific infectious inflam- 
matory lesions with a tumor-like presentation, resulting 
frequently from chronic processes causing progressive 
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fibrosis that may clinically*® or sonographically?” simulate 
neoplasia. The specific infectious inflammatory lesions and 
chronic noninfectious inflammatory lesions most often con- 
fused with neoplasias include granulomatous inflammation 
in tuberculosis,?”’ brucellosis,” syphilis,’ fungal infec- 
tions,” parasite diseases,?“ and malakoplakia. 


Testicular Cysts 


Parenchymal testicular cysts can be more difficult than other 
paratesticular cystic structures to distinguish from neoplasia, 
and if there is the slightest suspicion of intracystic content, one 
must suspect a malignant neoplasm.’ Testicular cysts have 
been discussed previously under “Congenital Anomalies.” 


Ectopic Tissues 


Only in cases of congenital adrenal hyperplasia or Cushing 
syndrome can ectopic adrenocortical tissue be prominent 
and appear as a tumor-like lesion.?” Other ectopic tissues 
are encountered less frequently, and their pseudotumoral 
presentation is exceptionally rare.*° Ectopic tissues have 
been discussed previously under “Congenital Anomalies.” 


Fibrous Pseudotumor 


This entity refers to a phenomenon of fibrosis with pauci- 
cellular hyalinized collagen presenting as a nodular (sin- 
gle or multiple) or diffuse lesion in the testicular tunics 
(Fig. 11-40),?”°?”’ and sometimes a node can be free float- 
ing (scrotal mouse). This broad spectrum of lesions has 
been labeled with a variety of names: chronic periorchitis, 
fibromatous periorchitis, nodular periorchitis, fibrous pro- 
liferation of the tunica, nonspecific paratesticular fibrosis, 
granulomatous periorchitis, nodular fibrous pseudotumor, 
fibrous pseudotumor, inflammatory pseudotumor, fibroma, 
reactive periorchitis, indicating its controversial pathogen- 
esis. Some cases have been reported preceded by trauma or 
infection, and on occasion, an inflammatory component and 


B: High power view of a sperm granuloma with giant cell reaction around residual spermatozoa. 
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Figure 11-40 E Fibrous pseudotumor. Paucicellular hyalin- 
ized collagen with focal calcification. 


granulation tissue can be observed suggesting the possibil- 
ity that there might be the healing of an inflammatory pseu- 
dotumor.?” Recently it has been demonstrated that a subset 
of these cases have a high number of IgG4-positive plasma 
cells with an IgG4 to IgG ratio of 44% to 48%, indicating 
that paratesticular fibrous pseudotumor might belong to the 
spectrum of IgG4-related sclerosing disease.’ Although it 
is not difficult to recognize radiologically, an intraoperative 
frozen section becomes necessary on occasion. 


Amyloidosis 


Amyloidosis is usually bilateral and presents in patients with 
a prior history of amyloidosis”; more rarely, if in cryptor- 
chidic patients it presents in a primary form that simulates a 
testicular tumor (Fig. 11-41). 


Microscopic Mimickers of Testicular Neoplasia 


Lesions or cellular changes that microscopically imitate a 
neoplasia are included under this category, whether or not 
they make a clinical mass. 


Inflammatory Lesions 


Some inflammatory lesions, such as xanthogranulomatous 
orchitis, idiopathic granulomatous orchitis, malakoplakia, 
lymphocytic orchitis (testicular pseudolymphoma), and Rosai- 
Dorfman disease (described previously), can microscopically 
imitate a neoplasm, but immunohistochemical studies can to 
serve to distinguish these entities and arrive at a diagnosis. 


Sertoli Cell Hyperplasia 


In a series of situations, nonencapsulated nodules of Sertoli 
cells known as Pick adenomas can be found, especially in 
cryptorchid testes? (Fig. 11-42). On account of their appear- 
ance, these should be distinguished from actual Sertoli cell 
tumors, which generally are larger and sometimes have 


A ' i) Ne p l j Y 
Figure 11-41 W Testicular amyloidosis. 
tubules replaced by amyloid deposition. 
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areas that mimic Call-Exner bodies. A differential diagno- 
sis that includes a yolk sac tumor is not usually considered, 
but immunohistochemical stains with markers including 
a-fetoprotein, calretinin, o-inhibin, and CD99 can help to 
establish a correct diagnosis. 

Of patients with androgen insensitivity syndrome or 
testicular feminization (male pseudohermaphroditism), 
63% have tubular hamartomas (tubules lined by immature 
Sertoli cells)**? that must be differentiated from Sertoli cell 
adenomas and sex cord tumors with annular tubules.” 


Interstitial Cell Hyperplasia 


Leydig cell hyperplasia, although usually diffuse, may form 
nodules mimicking a tumor; but this is an interstitial nonde- 
structive process. 

Nodules of Leydig cells are found in patients with adre- 
nogenital syndrome’*>** and Nelson syndrome (Fig. 11-43). 


Figure 11-42 W Sertoli cell hyperplasia. Localized Sertoli 
cell proliferation in a nodular arrangement with hyaline material 


(Pick adenoma). 
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cell accumulation with collagen fibers among the cells (Masson tri- 
chrome stain). In some cases it can acquire a nodular contour. 


These nodules are usually bilateral and large, with cellular 
pleomorphism and pigmentation. The clinical history and a 
complete endocrinologic profile can prevent an unnecessary 
orchiectomy? given the fact that only one case of aggressive 
behavior has been published.?!? Apparent Leydig cell hyper- 
plasia can be present in many atrophic testicles such as in 
Klinefelter syndrome. 

The distinction from a Leydig cell tumor can be made upon 
consideration of the multifocality and bilaterality of the nod- 
ules, the uniform absence of Reinke crystalloids, the promi- 
nent lipofucsin deposits’ and correlation with clinical history. 


Hyperplasia of Rete Testis 


In some hyperestrogenic situations, the flat epithelium of the 
rete testis may become columnar, and rarely a micropapil- 
lary growth of bland cells can be observed. The diagnosis of 
rete testis hyperplasia is subjective, and adenomatous lesions 
are rarely seen (Fig. 11-44). In some cases, there are 
intracytoplasmic hyaline eosinophilic globules resembling a 
yolk sac tumor, but the negative stains of AFP or PLAP help 
to rule this differential diagnosis.””! 


Mesothelial Hyperplasia 


It is present as a reactive lesion in hydrocele or hernia but 
may also be found microscopically in older men.?” The 
mesothelial proliferation has a predominantly epithelial 
appearance with papillary growth (Fig. 11-45), but rarely a 
spindle cell proliferation can be present. In the differential 
diagnosis with mesothelioma, the bland cytology, lack of 
true invasion, and presence of associated inflammatory ele- 
ments can be useful.’ 


MISCELLANEOUS TESTICULAR LESIONS 


Other testicular lesions of interest include the following: 
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Figure 11-44 E Rete testis hyperplasia. Columnar cells with 
some small papillary projections. 


Mechanical Lesions 


Forces of <50 kg over the testicle cause /uxation or disloca- 
tion, whereas greater forces can lead to albugineal rupture on 
exceeding tissue resistance.” Testicular rupture can produce 
hemorrhage in the vaginal space and seminiferous tubules 
protruding through the tear into the cavity, whereas testicular 
dislocation is the displacement of a testicle outside the scrotal 
bag; to date, 150 cases of dislocation have been reported.?”° 
Most dislocations are unilateral (90%), superficial (80%), 
and of superficial inguinal location (50% of cases). 


Microlithiasis 


In the testicle, it is possible to find hyaline bodies and micro- 
lithiasis on the wall of the tubules as well as in its lumen and 
in the interstitium (Fig. 11-46). It has been suggested that 
the origin of these microliths are desquamated and necrosed 


Figure 11-45 EŒ Mesothelial hyperplasia. Mesothelial papil- 
lary proliferation without nuclear atypia and no invasion. 
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cells that have become calcified; although this mechanism is 
possible, it is not sufficient to explain all cases. Recent stud- 
ies of the composition and the microlithiasis location have 
suggested that most testicular microliths are initiated in the 
wall of the tubule and that as they grow; they are surrounded 
by Sertoli cells and tunica propria and are able to end up 
in the lumen of the tubule or in the stroma.” This hypoth- 
esis can explain why microliths are found more frequently in 
cryptorchid testicles, in patients with Klinefelter syndrome, 
or in other situations in which there is a certain dysgenesis of 
the wall of the tubule; this also explains why more cases of 
testicular lithiasis are being found, detectable by sonography, 
in patients with testicular germ cell tumors, many of which 
are accompanied by intratubular germ cell tumors (that lead 
to disorders of the tubule wall).?°°> Testicular microlithiasis 
is common (in 5.6% of the male population between 17 and 
35 years of age and in 14.1% of African American males), 
and although microcalcifications do exist in approximately 
50% of germ cell tumors, most men with testicular micro- 
lithiasis will not develop testicular neoplasms. Increased 
emphasis on testicular examination is the recommended 
follow-up for men identified with testicular microlithiasis.*"' 
The management of patients with testicular microlithiasis 
depends upon the specific requirements on an individual 
basis. A conservative approach involving testicular self- 
examination is recommended for asymptomatic patients 
with testicular microlithiasis. Early testicular biopsy should 
be considered in patients with testicular microlithiasis and 
associated features of testicular dysgenesis, including atro- 
phic testes and cryptorchidism, considering the increased 
frequency of intratubular germ cell neoplasia and testicular 
germ cell tumor detection in this subset. Surveillance is a 
more suitable option than definitive treatment in individuals 
with bilateral testicular microlithiasis and intratubular germ 
cell neoplasia who desire to retain reproductive function, 
due to the long latency period of transformation of intratu- 
bular germ cell neoplasia. The clinical benefit of testicular 


biopsy versus surveillance for these individuals is unclear 
as an aggressive approach to testicular biopsy is likely to be 
further associated with impaired fertility. The detection of 
testicular microlithiasis on radiologic studies should prob- 
ably be investigated by performing a testicular biopsy at 
age 18 years in cases where individuals are at particularly 
increased risk of testicular germ cell tumor development, 
especially in cases with gonadal dysgenesis and/or cryptor- 
chidism as the advantage of early detection and definitive 
treatment of intratubular germ cell neoplasia exceeds the 
potential risks.°” 


Testicular Arteriolar Hyalinosis 


Testicular arteriolar hyalinosis is characterized by the accu- 
mulation of amorphous eosinophilic substance, which is 
PAS positive, negative on amyloid staining, and shows no 
necrosis or inflammatory reaction (Fig. 11-47). This is an 
age-related change, with maximum incidence at about 30 


Figure 11-47 W Testicular arteriolar hyalinosis. Amorphous 
eosinophilic substance in the arteriolar wall (PAS). 
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years of age. Its origin is believed to be related to disorders of 
endothelial cell permeability since a large component of its 
material includes immunoglobulins, fibrin, and fibrinogen.*” 
The effects depend on the intensity of vascular obliteration 
and the extent of the lesion, but on occasion it is difficult to 
determine whether the vascular lesion led to tubular fibrosis 
or if both lesions appeared at the same time for unknown 
causes, as occurs in Klinefelter syndrome. 


Sclerosing Lipogranuloma 


The term sclerosing lipogranuloma was introduced to 
describe a subcutaneous granulomatous reaction believed to 
result from a local reactive process after injury to adipose 
tissue from injection of foreign bodies, such as paraffin, 
mineral oil, or silicon. In patients without this history, the 
pathogenesis of the disease is controversial, whether endog- 
enous or exogenous, and has not been resolved to date. In the 
testis, only one case of this entity has been reported.“ 
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Tumors of the Testis 


ANATOMY OF THE TESTIS 


The adult testes are suspended by the spermatic cord and 
located within the scrotum. The testis proper is surrounded 
by a thick connective tissue layer called the tunica albuginea 
that itself is lined by the visceral tunica vaginalis (Fig. 12-1). 
In the posterior aspect of the gonad is the mediastinum tes- 
tis that contains blood vessels, lymphatics, nerves, and por- 
tions of the rete testis. The testis contains multiple fibrous 
septa that radiate from the mediastinum testis to the tunica 
albuginea, and these divide the organ into approximately 
250 compartments that contain the seminiferous tubules.'? 
Surrounding the seminiferous tubules is the interstitium, 
which contains Leydig cells, blood vessels, lymphatics, and 
nerves. Each compartment of the testis contains a maximum 
of four seminiferous tubules that are very convoluted and 
that usually empty into the straight portion of the rete (tubuli 
recti). Each seminiferous tubule is lined by a basement 
membrane and a thin lamina propria. Within the seminifer- 
ous tubule are Sertoli cells and germ cells at different stages 
of differentiation (Fig. 12-2). 

Sertoli cells comprise 10% to 15% of cells within the 
tubule. They are columnar to pyramidal in shape with their 
long axis is perpendicular to the basement membrane. The 
cytoplasm is granular—eosinophilic and may contain fine 
vacuoles. The nuclei are round to oval with finely granu- 
lar chromatin and are commonly located within a cell or 
two of the basement membrane. They contain a prominent 
nucleolus, the only normal cell within the tubule to do so. 
Intracytoplasmic Charcot-Bottcher crystalloids are best seen 
preferentially by electron microscopy. 

Sertoli cells have phagocytic capacity but also play an 
important role in regulating spermatogenesis. By immuno- 
histochemistry, they have been shown to express vimentin; 
cytokeratins 8, 18, and 19; as well as inhibin.** Cytokeratin 
positivity is routinely observed in immature but not mature 
Sertoli cells; however, expression of this intermediate filament 
may be seen in adults in association with various conditions 
including testicular atrophy, Sertoli cell tumors (SCTs) and 
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Sertoli cells adjacent to germ cell tumors (GCTs), orchitis, 
and infarct. In these settings, it is not unusual to see a gradi- 
ent of immunoreactivity from positive to negative the farther 
away the tubules are located from the lesion. 

Germ cells originate in the yolk sac and migrate to the gen- 
ital ridge during the first 7 weeks of gestation.>° They com- 
prise 85% to 90% of cells within the seminiferous tubule and 
have the capacity to differentiate (mature). Spermatogonia 
are undifferentiated cells located adjacent to the basement 
membrane. They have clear or basophilic cytoplasm, distinct 
cytoplasmic membranes, small round nuclei with dark chro- 
matin, and no nucleoli. They have the capacity to proliferate 
and give rise to primary spermatocytes. The latter cells are 
subclassified into preleptotene, leptotene, zygotene, pachy- 
tene, and diplotene spermatocytes based on their nuclear 
chromatin pattern. These subtle differences are difficult, if 
not impossible, to discern on routine histologic preparations 
and irrelevant when evaluating tumor-bearing gonads. In gen- 
eral, primary spermatocytes are larger than spermatogonia, 
have basophilic cytoplasm, indistinct nuclear borders, round 
nuclei with distinct chromatin patterns, and absent nucleoli. 
Completion of the first meiotic division gives rise to second- 
ary spermatocytes, which have a short half-life and undergo a 
second meiotic division to form spermatids. Secondary sper- 
matocytes are smaller than their progenitor cells and have 
denser chromatin. Spermatids are located toward the lumen 
of the tubule and have small nuclei with dense chromatin. 
They transform into spermatozoa through metamorphosis. 

Leydig cells are present in the interstitium as single cells 
or in clusters. Interestingly, they may also be observed in 
the tunica albuginea, mediastinum testis, epididymis, and 
even along the spermatic cord, usually intimately associated 
to nerve bundles.*’ Leydig cells have abundant eosinophilic 
cytoplasm and round, regular nuclei with prominent nucle- 
oli. Intracytoplasmic lipofuscin pigment may be seen, more 
commonly in older males. Intracytoplasmic Reinke crys- 
tals are characteristic of Leydig cells, rarely seen in normal 
cells, and more commonly observed by electron microscopy 
where they appear as a hexagonal prism.*” 
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Figure 12-1 E Schematic representation 
of the testis and its adnexa. 


Leydig cells have the capacity to produce testosterone 
and share an important paracrine function with Sertoli 
cells.'° They express inhibin but not cytokeratins or vimentin 
by immunohistochemistry."' 

The rete testis collects the effluent from the seminiferous 
tubules. It is located within the hilus of the testis and includes 
the tubuli recti, the mediastinal rete, and the extratesticular 
rete. The tubuli recti are short segments within the septa that 
connect the seminiferous tubules to the mediastinal rete. 
The mediastinum rete forms a series of epithelium-lined, 


Figure 12-2 E Normal seminiferous tubules in an adult con- 
taining spermatogonia (SG), spermatocytes (SY), spermatids (SD), 
spermatozoa (SZ), and Sertoli cells (SC). A cluster of Leydig cells 
(LC) is present in the interstitium. 
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interconnecting channels that lead to several dilated vesicular 
channels constituting the extratesticular rete, which anasto- 
mose to give rise to the efferent ducts or tubuli efferentia. The 
epithelium of the rete is low columnar and exhibits luminal 
microvilli. Every cell contains a flagellum that is not visible 
by routine light microscopy. The cells are immunoreactive 
for cytokeratins as well as vimentin." 

The efferent tubules have an irregular (undulating) lumi- 
nal contour. They receive the luminal content from the rete 
testis and are responsible for resorption of fluid. The epithe- 
lial lining is a mixture of ciliated and nonciliated columnar 
pseudostratified cells that express cytokeratin and variably 
vimentin by immunohistochemistry. The epithelial cells are 
surrounded by a thick basement membrane, which in turn is 
surrounded by a layer of smooth muscle. These tubules lead 
into the epididymis, a convoluted tubular structure that plays 
a role in the transport, maturation, and storage of sperm.” 
Transport is aided by a thick smooth muscle layer that sur- 
rounds the epididymis. The epididymis is lined by a thick 
basement membrane and can be divided anatomically into 
three sections: head, body, and tail, the latter where sperm 
storage and maturation occurs. The epithelial lining of the 
epididymis is predominantly tall columnar cells (principal 
cells), many of which exhibit stereocilia, but basal cells, 
clear cells, and luminal cells are also present. The luminal 
contour of the epididymis is rigid rather than undulating. 

The vas deferens arises from the caudal portion of the 
epididymis, which proximally joins the excretory duct of 
the seminal vesicles to form the ejaculatory duct. The vas 
deferens is lined by pseudostratified, columnar epithelium 
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and basal cells, the former containing long stereocilia. The 
luminal contour of the vas is variably folded, and the epi- 
thelium is surrounded by loose connective tissue and a very 
thick smooth muscle layer. 

Several appendages may be encountered on the testis, tes- 
ticular adnexa, or spermatic cord, the most common being 
the appendix testis and appendix epididymis.'*:"* The appen- 
dix testis is a vestige of the müllerian duct attached to the 
tunica vaginalis along the anterosuperior surface of the testis 
adjacent to the head of the epididymis. It is a small pedun- 
culated structure lined by columnar nonciliated epithelium. 
The epithelium covers richly vascular connective tissue. The 
appendix epididymis is a vestige of the mesonephric duct. 
It is a cystic, pedunculated structure attached to the head of 
the epididymis. The cyst is lined by low columnar epithe- 
lial cells, and the external surface is lined by mesothelium. 
Two other types of appendages are present as incidental 
findings and represent remnants of mesonephric tubules. 
They appear as epithelial-lined tubular or cystic structures, 
which are seen along the testicular adnexa or spermatic cord. 
Depending on their location, they are called vas aberrans or 
paradidymis.”'* 


TUMORS OF THE TESTIS i 


Introduction 


Primary testicular neoplasms are rare with <10,000 new 
cases reported each year in the United States. It is not unusual 
for there to be a delay in diagnosis since patients can present 
with testicular pain and be treated with antibiotics for a pre- 
sumed orchitis or epididymitis. Metastases usually are first 
seen in retroperitoneal lymph nodes and then to lungs, con- 
sistent with the fact that metastases are usually through lym- 
phatic spread except in the case of choriocarcinoma where 
dissemination is usually vascular. In more advanced cases, 
metastases are to the mediastinum and viscera, particularly 
the liver, and brain. The overwhelming majority of primary 
tumors are unilateral, whether of germ cell or sex cord-stro- 
mal origin. Because of the rarity of these tumors, it is prudent 
to always consider the possibility of secondary (metastatic) 
disease, even if the tumor is unilateral and particularly in 
older patients. However, as we discuss later, it is rare for a 
metastasis to the testis to be the first site of diagnosis since 
it is usually part of systemic disease. Primary lymphoma of 
the testis may present as unilateral disease and may mimic 
seminoma in its gross appearance as well as superficially at 
the microscopic level. 


Gross Examination and Sampling of Testicular 
Tumors 


In general, testicular neoplasms are managed surgically 
by a radical orchiectomy. This entails an inguinal incision 
and evacuation of the testis, surrounding tunica vaginalis, 
and extraperitoneal spermatic cord. Gross examination and 
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proper prosecting of the orchiectomy specimen are crucial 
in establishing a proper diagnosis and pathologic staging of 
the tumor. The tunica vaginalis should be opened and any 
adhesions to the tunica albuginea noted since these may be 
secondary to invasion by tumor. The tunica albuginea should 
be carefully examined for any areas of bulging, discoloration, 
or disruption. Palpation of the gonad will allow us to locate 
any mass within the testicular parenchyma and its relation 
to the overlying tunica albuginea, rete testis, mediastinum 
testis, and testicular adnexa. In general, it is best to incise the 
testis along its long axis from the lateral aspect of the gonad 
toward the mediastinum testis. 

Sampling of the mass should include a minimum of one 
section per centimeter of lesional tissue unless the entire 
lesion can be submitted in 10 cassettes or less, in which case 
the entire tumor should be submitted. Tumors that have a 
variegated gross appearance should be sampled in a man- 
ner that will allow examination of these areas microscopi- 
cally; this need may require more through sampling. In cases 
where the morphology of the tumor is not straightforward, 
for example, in cases of atypical-looking seminomas or 
undifferentiated sex cord—stromal tumors, it may be neces- 
sary to go back to the specimen to take additional sections. 
The importance of serum tumor markers cannot be over- 
stated. In general, seminomas are associated with normal 
serum levels of alfa fetoprotein (AFP) and either normal or 
mildly elevated levels of beta-human chorionic gonadotropin 
(B-HCG). Sex cord-stromal tumors are not associated with 
elevation of either of these markers. Cases in which there is 
a discrepancy between the pathologic diagnosis and serum 
levels of these oncoproteins should be reexamined and, if 
needed, additional sections taken. 


Staging and Morphologic Prognostic Factors 
in Testicular Tumors 


It is important to note that proper sampling is required not 
only to classify the tumor but also to stage it pathologi- 
cally and evaluate risk factors for clinical progression. In 
the case of GCTs, staging is quite complicated and takes 
into consideration pathologic factors, size and sites of 
metastases, and serum levels of oncofetal proteins (AFP 
and B-HCG) as well as lactic dehydrogenase [LDH]) 
(Tables 12-1A to 12-1C). In the case of GCTs, the percent- 
age of the embryonal carcinoma (EC) component as well as 
the presence of lymphovascular invasion has been associated 
with the development of metastatic disease in clinical stage 1 
tumors. Lymphovascular invasion is particularly impor- 
tant since it is included in the AJCC-UICC staging system 
(Table 12-1B). A tumor that is otherwise pathologic stage 
1 but with lymphovascular invasion is classified as patho- 
logic stage 2 (pT2). Since vascular invasion (VI) is com- 
monly seen adjacent to the mass, sections must include the 
tumor—parenchymal interface; sections that only include 
tumor are of no utility other than to classify the tumor and 
are discouraged. As mentioned earlier, lymphatic drainage 
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Table 12-1A TNM CLASSIFICATION OF GCTs OF THE TESTIS 
pTNM Pathologic Classification of the Primary Tumor (pT) 


pTX Primary tumor cannot be assessed 

pTO No evidence of primary tumor (e.g., histologic scar in testis) 

pTis Intratubular germ cell neoplasia 

pT1 Tumor limited to testis and epididymis without vascular/lymphatic invasion; tumor may invade the tunica albuginea but 
not the tunica vaginalis 

pT2 Tumor limited to testis and epididymis with vascular/lymphatic invasion, or tumor extending through the tunica 
albuginea with involvement of the tunica vaginalis 

pis Tumor invades spermatic cord with or without vascular/lymphatic invasion 

pT4 Tumor invades scrotum with or without vascular/lymphatic invasion 


pTNM Pathologic Classification of the Regional Lymph Nodes (pN) 


pNX Regional lymph nodes cannot be assessed 

pNO No regional lymph node metastasis 

pN1 Metastasis with a lymph node mass 2 cm or less in greatest dimension; or multiple lymph nodes, none more than 
2 cm in greatest dimension 

pN2 Metastasis with a lymph node mass more than 2 cm but not more than 5 cm in greatest dimension; or multiple lymph 
nodes, any one mass >2 cm but not more than 5 cm in greatest dimension 

pN3 Metastasis with a lymph node mass more than 5 cm in greatest dimension 


From Edge SB, Byrd DR, Compton CC, et al., eds. AJCC Cancer Staging Manual. 7th ed. New York: Springer; 2010, with permission, Ref. 


Table 12-1B CLINICAL STAGING OF GCTs of the gonad flows toward the rete testis/mediastinum testis 
OF THE TESTIS as well as toward the tunica albuginea (Figs. 12-3A and B). 
For this reason, sections that include tumor and overlying 
Anatomic Stage/Prognostic Groups tunica as well as tumor with adjacent rete testis/mediasti- 
Group T N M S* num testis are particularly informative. Sections of the tes- 
Stage 0 pTis NO MO SO ticular adnexa (efferent tubules and epididymis) should be 
Stage | IE: NO MO SX taken although involvement of these structures by tumor 
IA pl No Mo SO does not affect pathologic stage and does not seem to affect 
IB pT2 NO Mo So prognosis. This also applies to tumor involvement of soft 
pT3 NO MO SO tissue in the mediastinum, in the absence of lymphovascular 
pT4 NO MO SO invasion. A recent publication suggests that both rete tes- 
IS Any pT/Tx NO Mo S1-3" tis involvement and hilar fat involvement are independently 
Stage Il Any pT/Tx N1-3 Mo SX associated with advanced disease at presentation, but the 
IA Any pT/Tx N1 Mo SO study does not address the issue of association with relapse 
Any pT/Tx N1 Mo S1 in clinical stage 1 disease” (Fig. 12-4). We suggest that at 
IIB Any pT/Tx N2 MO SO 
Any pT/Tx N2 MO Sil 
IIC Any pT/Tx N3 Mo SO 
Any pT/Tx N3 MO S1 Table 12-1C SERUM TUMOR MARKERS IN 
Stage III Any pT/Tx Any N M1 SX TESTICULAR GCTs* 
IIA Any pT/Tx Any N M1* SO SX Marker studies not available or not performed 
Any pI/Tx Any N M1* S1 SO Marker study levels within normal limits 
IB Any pT/Tx N1-3 Mo S2 S1 LDH <1.5 x Nt and hCG (mIU/mL) <5,000 and AFP 
Any pT/Tx Any N M1* SZ (ng/mL) <1,000 
WIC Any pT/Tx N1-3 MO 53 SZ LDH 1.5-10 x N or hCG (mIU/mL) 5,000-50,000 
Any pT/Tx Any N M1 S3 or AFP (ng/mL) 1,000-10,000 
Any pT/Tx Any N M1* Any S Ss LDH >10 x N or hCG (mIU/mL) >50,000 or AFP 


(ng/mL) >10,000 


*Serum tumor markers. 


‘Measured after orchiectomy. *Measured after orchiectomy. 

*N indicates upper limit of normal for the LDH assay. tN indicates the upper limit of normal for the LDH assay. 

From Edge SB, Byrd DR, Compton CC, etal., eds. AJCC Cancer Staging From Edge SB, Byrd DR, Compton CC, et al., eds. AJCC Cancer Staging 
Manual. 7th ed. New York: Springer; 2010, with permission, Ref.'© Manual. 7th ed. New York: Springer; 2010, with permission, Ref. '© 
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Figure 12-3 E A: Extensive lymphovascular invasion by EC. Notice that the tumor involves lymphatics beneath the tunica albuginea, 
away from the main tumor mass. For this reason, sections should always include the interface between the tumor and the tunica albuginea. 
B: Lymphovascular invasion. The invasive tumor cells conform to the contours of the lymphatic channel and are focally attached to the 
vascular wall. Focal stromal response to the tumor emboli is present (arrow). 


least three sections of the spermatic cord be taken: proxi- 
mal (margin of resection), mid, and distal (near the adnexa). 
Involvement of the soft tissue of the spermatic cord is 
considered pathologic stage 3 and clinical stage 2 disease 
and is commonly associated with the presence of metastatic 
disease at the time of orchiectomy. Of note, intravascular or 
intralymphatic involvement within any part of the spermatic 
cord is still considered pT2 (Fig. 12-5). 

Criteria for establishing VI are similar to those used in 
other organ systems but may present a greater challenge 
at this site due to the fact that the tumor cells are very 
discohesive and commonly contaminate the adjacent paren- 
chyma and vascular structures at the time of sectioning. It is 
imperative to restrict the diagnosis of VI to vessels, usually 


L 
A 
e pp nyn 


plagon CTT TREO CLT UL 


| 


FiGuRE 12-4 E Gross appearance of mixed GCT. The large 
lesion can be seen invading into the testicular hilum (mediastinum) 
and hilar soft tissue. The rete testis and hilum is the most common 
site where tumors extend outside the testicular parenchyma. It has 
also been associated with metastatic disease at presentation. The 
smaller lesion involves the overlying tunica albuginea. 


lymphatics, at the periphery of (not within) the tumor; in 
which the tumor cells conform to the shape of the vessel and 
preferably are attached to the wall with associated red blood 
cells or fibrin. While the use of immunohistochemistry is 
rarely necessary and not encouraged, we have recently found 
that ERG, a nuclear protein expressed in endothelial cells, 
may be of some utility when lymphovascular invasion is sus- 
pected but the presumed vascular space is entirely filled with 
tumor, as commonly happens with EC. In pure seminoma 
we should also mention if VI is present as it affects patho- 
logic stage. However, its importance in establishing a higher 
risk of disease progression has not been proven. While most 
investigators suggest that tumor size (>4 cm) and rete tes- 
tis involvement by seminoma predicts disease progression 


Figure 12-5 W VI in a blood vessel within the spermatic 
cord. This finding is commonly seen in patients with advanced dis- 
ease at presentation. However, in the absence of stromal invasion at 
this site, it is still regarded as pT2 disease. 
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Figure 12-6 W Seminoma invading the rete testis. While 
this finding has been associated with tumor relapse on multivariate 
analysis, this finding has been recently challenged. However, rete 
testis involvement should be reported. 


on multivariate analysis, at least one recent large study that 
included 687 stage 1 tumors puts this belief into question'® 
(Fig. 12-6). 

Sampling of primary (chemotherapy naive) retroperito- 
neal resections requires a thorough gross examination of 
the sample and submission of all suspected lymph nodes for 
microscopic examination. When this surgical procedure is 
performed, it is in a setting of nonseminomatous primary 
tumor with a high risk for relapse or when imaging of the ret- 
roperitoneum is questionable. In other words, the presence of 
metastatic disease is likely to be minimal and microscopic. 
The average number of lymph nodes found at our institu- 
tion in this setting is more than 50." In fact, cases in which 
<40 lymph nodes are identified are submitted to regrossing 
of the residual tissue, with many additional lymph nodes 
identified. When reporting metastatic disease, the histologic 
type, number, and size of involved lymph nodes should be 
reported. Extranodal extension by tumor should be men- 
tioned although the clinical significance of this finding has 
recently come into question.” 

Great care should also be placed in sampling postchemo- 
therapy resections. These resections should be carefully 
described grossly and sampled thoroughly, particularly those 
that are not obviously necrotic. A minimum of one section for 
each centimeter of lesional tissue should be submitted, mak- 
ing sure that all variegated areas are sampled. The sampling of 
an apparent mass does not mean that a thorough examination 
and sampling of the remaining soft tissue can be bypassed. 
It is common to find multiple lymph nodes in these areas, 
some with microscopic areas of treatment effect or even 
viable tumor. Once again, the size, number of lymph nodes 
involved, and the histology of the residual viable disease and 
the presence of extranodal extension should be reported. 

In the case of sex cord—stromal tumors, similar care 
should be taken in the gross examination and prosecting 


of the specimen. Sampling of the mass is similar to germ 
cells tumors, with special attention paid to variegated areas, 
tumor—parenchymal interface, rete testis, adnexa, and cord. 
While no single morphologic factor can predict disease 
progression, a combination of factors has been associated 
with the development of metastatic disease and should be 
included in the pathology report. The report should include 
size, presence or absence of infiltrative borders, coagulative 
necrosis, nuclear atypia, mitotic activity, and lymphovas- 
cular invasion; more details are provided in the subsequent 
sections of this chapter. Because there is no effective che- 
motherapy for these tumors, it is customary for patients with 
clinical stage 1 disease with multiple high-risk factors to 
undergo retroperitoneal lymph node dissection (RPLND) 
since surgery is their best chance for cure. 


Clinical Management of Testicular Tumors 


While all agree that radical orchiectomy is the treatment of 
choice for primary testicular GCTs, there is disagreement 
on how best to manage cases with a high risk of progres- 
sion.?'!~4 Many investigators advocate clinical surveillance 
since salvage chemotherapy at recurrence is associated with 
a high cure rate. Some advocate for a primary RPLND in 
this setting because the presence of minimal metastatic 
disease will allow the oncologist to give fewer cycles of che- 
motherapy. All agree that patients with bulky retroperitoneal 
disease or metastasis above the diaphragm should receive 
a full course of systemic chemotherapy although the exact 
regimen to follow will depend on the sites, the number of 
metastases, the levels of AFP, B-HCG, and LDH in serum.” 
Postchemotherapy retroperitoneal node dissection is contro- 
versial but advocated by some investigators as a means to 
diminish the incidence of late recurrences. 


CLASSIFICATION | 


The 2004 World Health Organization classification of tes- 
ticular tumors is presented in Table 12-2. This classification 
varies very little from the one described in the third edition of 
the Armed Forces Institute of Pathology Fascicle.” It builds 
upon previous classifications proposed by pioneers in this 
field, including Friedman and Moore,” Dixon and Moore,” 
Melicow,® and Mostofi and Price.*! Practically speaking, 
these efforts at classifying testicular tumors are morphology 
based and reproducible. However, the present classification 
scheme described in Table 12-1 A correlates with serum tumor 
marker abnormalities and has superior clinical application. 


Germ Cell Tumors 


Epidemiology and Pathogenesis 


Testicular GCTs constitute approximately 98% of all tes- 
ticular neoplasms and are the most common malignancy in 
males between the ages of 15 and 35 years.’ They are rela- 
tively uncommon; approximately 7,920 new cases will have 
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Table 12-2 m WHO HISTOLOGIC CLASSIFICATION 


OF TESTIS TUMORS* 


GCTs 
Intratubular germ cell neoplasia, unclassified 
Other types 


Tumors of One Histologic Type (Pure Forms) 
Seminoma 
Seminoma with syncytiotrophoblastic cells 
Spermatocytic Seminoma (SS) 
SS with sarcoma 
EC 
YST 
Trophoblastic tumors 
Choriocarcinoma 
Trophoblastic neoplasms other than choriocarcinoma 
Monophasic choriocarcinoma 
Placental site trophoblastic tumor 
Teratoma 
Dermoid cyst 
Monodermal teratoma 
Teratoma with somatic-type malignancies 


Tumors of More Than One Histologic Type (Mixed Forms) 
Mixed EC and teratoma 

Mixed teratoma and seminoma 

Choriocarcinoma and teratoma/EC 

Others 


Sex Cord/Gonadal Stromal Tumors 
Pure forms 
LET 
sem 
SCT lipid-rich variant 
Sclerosing SCT 
LOCSET 
Granulosa cell tumor 
Adult-type granulosa cell tumor 
Juvenile-type granulosa cell tumor 
Tumors of the thecoma/fibroma group 
Fibroma 
Thecoma 
Sex cord/gonadal stromal tumor, incompletely differentiated 
Sex cord/gonadal stromal tumors, mixed forms 


Tumors containing both germ cell and sex cord/gonadal 
stromal elements 


Gonadoblastoma 
Germ cell/sex cord/gonadal stromal tumor, unclassified 
Miscellaneous Tumors 
Carcinoid tumor 
Nephroblastoma 
Paraganglioma 
Hematopoietic Tumors 


Secondary Tumors of the Testis 


* Modified from the World Health Organization Classification of Tumours, 
Pathology & Genetics: Tumours of the Urinary System and Male Genital 
Organs. In: Eble JN, Sauter G, Epstein JI, et al., eds. WHO Histological 
Classification of Testis Tumours. Lyon, France: IARC Press; 2004:218. 
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been diagnosed in the United States in 2013 with only 370 
dying of disease” (Table 12-3). Because of their relative rar- 
ity, they present a diagnostic challenge to most practicing 
pathologist (Box 12-1). 

Testicular GCTs can be divided into three groups (infan- 
tile/prepubertal, adolescent/young adult, and spermatocytic 
seminoma [SS]), each with its own constellation of clinical 
histology, molecular, and clinical features.” (Table 12-4) 
They originate from germ cells at different stages of devel- 
opment. Tumors arising in prepubertal gonads are either tera- 
tomas or yolk sac tumors (YSTs), tend to be diploid, and are 
not associated with i(12p) or intratubular germ cell neopla- 
sia unclassified (IGCNU). The annual incidence is approxi- 
mately 0.12 per 100,000. SS arises in older patients. These 
benign tumors may be either diploid or aneuploid and have 
losses of chromosome 9 rather than i(12p). Intratubular SS 
is commonly encountered but IGCNU is not. Their annual 
incidence is approximately 0.2 per 100,000. The pathogen- 
esis of prepubertal GCT and SS is poorly understood. 

The most common testicular cancers arise in postpuber- 
tal men; they are characterized genetically by the presence 
of excess genetic material of the short arm chromosome 12, 
usually due to one or more copies of i(12p), or other forms 
of 12p amplification and aneuploidy* (Fig. 12-7). The con- 
sistent gain of genetic material from chromosome 12 seen in 
these tumors suggests that it has a crucial role in their devel- 
opment. IGCNU is the precursor to these invasive tumors. 

While IGCNU is considered to be the precursor of all GCTs, 
the stage in GC development at which transformation occurs 
is not known. One model proposed by Skakkebaek et al.*’ 
suggests that fetal gonocytes (primordial germ cells) undergo 
abnormal cell division (polyploidization) in utero, primarily 
due to environmental factors. These cells undergo abnormal 
cell division mediated by a kit receptor/kit ligand (stem cell 
factor) paracrine loop, leading to uncontrolled proliferation 
of gonocytes. Subsequent invasive growth may be mediated 
by postnatal and pubertal gonadotrophin stimulation. In this 
model 1(12p) is seen only after there is stromal invasion. A 
second model proposed by Chaganti et al. suggests that aber- 
rant chromatid exchange events during meiotic crossing-over 
may lead to increased 12p copy number and overexpression 
of cyclin D2 (CCND2). In a cell containing unrepaired DNA 
breaks (recombination-associated), overexpressed cyclin D2 
may block a p53-dependent apoptotic response and lead to 
reinitiation of cell cycle and genomic instability. This aber- 
rant, genomically unstable cell is now able to escape the apop- 
totic effects of p53 and may reenter the cell cycle, now as a 
neoplastic cell. In this model, 1(12p) is present in IGCNU.*8 

The incidence of adult-onset GCTs is approximately 6.0 
per 100,000 per year with the majority being discovered 
between 15 and 40 years of age. The incidence of GCTs has 
increased over the last five decades while the death rate has 
decreased.” The increase in incidence is seen across all 
histologies but mostly in seminomas. While more effective 
therapy is responsible for the dramatic increase in the cure 
rate, it is less evident why the incidence continues to climb. 
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Table 12-3 m IMMUNOHISTOCHEMICAL PROFILE OF TESTICULAR TUMORS 


Sex Cord/ 
Gonadal 
Spermatocytic | Embryonal Trophoblastic Stromal 
Marker IGCNU Seminoma Seminoma Carcinoma YST Tumors Tumors 
PLAP + + - 4 tH = = 
Diffuse Diffuse Diffuse Focal 
cytoplasmic/ cytoplasmic/ cytoplasmic/ cytoplasmic/ 
membranous membranous membranous membranous 
CD117 + + —/+ = = = -= 
(c-kit) Diffuse Diffuse Focal weak 
membranous membranous 
Oct3/4 + + - + - - - 
Diffuse nuclear Diffuse nuclear Diffuse Nuclear 
AFP = = = = + - - 
Variable 
cytoplasmic 
SALL4 + + +/- + + + = 
Diffuse nuclear Diffuse nuclear Weak Diffuse nuclear Diffuse nuclear Mononucleated 
trophoblastic 
cells 
Glypican 3 - - - - + +/- - 
Cytokeratin = = - + + + fy 
Focal dot-like Membranous/ SETS 
cytoplasmic, 
may be focal 
and weak 
HCG = = = = - + - 
syncytiotro- 
phoblasts 
Inhibin - - - — - -= + 
Calretinin = = = 2 a = 7 
SF-1 = = = = = = + 
WT1 = = = = = = + 


There appears to be a geographic and racial predisposition to 
the development of testicular GCTs with a twofold increase in 
Scandinavian countries as compared to the United States and 
a lower incidence in other countries such as Africa and some 
Latin American countries such as Puerto Rico.” Patients with 
prior testicular GCT are more likely to develop a contralateral 
tumor than does the general population. 

The overwhelming majority of GCTs are sporadic with 
approximately 2% having a familial basis in which first- 
degree male relatives of patients with testicular GCTs will 
develop the disease.*!“ Several other factors have been asso- 
ciated with their pathogenesis, including cryptorchidism, 
gonadal dysgenesis, and infertility. Testicular microlithiasis 


Box 12-1 TESTICULAR GERM CELL TUMORS 


IN ADULTS 


e Most common malignancy in males between the ages 
of 15 and 35 

e Excess genetic material of chromosome 12p 

e Mixed histologies are more common than pure forms 

e Dissemination is commonly through lymphatics, initially 
to retroperitoneal lymph nodes 


has been associated with the presence of GCT, but it may be 
seen in other conditions as well. 

Cryptorchidism is one of the best-established risk fac- 
tors, with approximately 3.5 to 5 times elevated risk of 
development of a testicular GCT compared with control 
populations.***’ Testicular biopsies are commonly performed 


Histology Age Ploidy Chromosomes 
Teratoma/ Infantile Diploid —1p, -6q 
YST aneuploid 
Seminoma/ Postpubertal CIS: 1(12p) or +12p 
NS hypertriploid 
SEM: 1(12p) 
hypertriploid 
NS: 1(12p) 
hypotriploid 
SS Older Diploid or +9 
tetraploid 


Modified from Oosterhuis JW, Looijenga LH. Current views on the 
pathogenesis of testicular germ cell tumours and perspectives for 
future research: highlights of the 5th copenhagen workshop on 
carcinoma in situ and cancer of the testis. APMIS 2003; 111:280-289. 
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Figure 12-7 W Three color FISH probe demonstrating two 
copies of i(12p). The aqua is a cep12 probe while the red and green 
are ETV6(12p13). There is one normal chromosome (aqua adjacent 
to one red and one green signal) and two isochromosomes in which 
the cep12 signal is flanked by two red-green signals. 


in these high-risk patients to detect incipient neoplasia. In a 
large series, only one of more than 1,500 cryptorchid patients 
with testicular biopsy specimens negative for IGCNU devel- 
oped testicular cancer over a follow-up period of 8 years,‘ 
in contrast to 50% of patients with IGCNU who developed 
invasive tumors over a 5-year period.” 

There is an approximately 30% risk of GCTs observed in 
men with gonadal dysgenesis who carry a Y chromosome. 
Gonadoblastoma is the most frequent tumor type arising in 
this setting, and its presence predisposes to the development of 
invasive GCTs, most commonly seminoma. Of patients with 
androgen insensitivity syndrome, 5% to 10% develop GCTs. 
These tumors generally are diagnosed after the complete 
development of female secondary sexual characteristics.°°°! 

The frequency of IGCNU in subfertile men has been 
reported to be 0.4% to 1.1%.553 However, the relative risk 
of infertile men developing GCTs is not clear. Since many 
cases are associated with cryptorchidism or gonadal dys- 
genesis, it is difficult to judge whether infertility itself is an 
independent risk factor. 

It is remarkable that GCTs, having such diverse morphol- 
ogy and clinical behavior, should be considered as variants 
of one entity. Nevertheless, there is circumstantial and labo- 
ratory evidence to support this practice. First, these tumors, 
in the postpubertal setting, tend to arise along the axial 
skeleton, be it the pineal gland, anterior mediastinum, ret- 
roperitoneum, or gonads. Second, mixed histologic patterns 
predominate over tumors with one histologic type. A third 
compelling piece of evidence relates to the so-called precur- 
sor lesion. When these tumors arise in the male gonad, irre- 
spective of the morphology, one is likely to identify IGCNU 
in adjacent seminiferous tubules, originally described as in 
situ carcinoma by Neils Skakkebaek. A fourth important 
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piece of evidence linking these tumors comes to us from 
genetics, since approximately 80% of tumors regardless 
of the primary site and histology will have at least one 
isochromosome of the short arm of chromosome 12, which 
is known as i(12p) (Fig. 12-3). This genetic abnormality is 
not absolutely pathognomonic of germ cell neoplasia, yet it 
is a very useful diagnostic tool in selected circumstances due 
to its rare occurrence in other solid tumors.***° 


Intratubular Germ Cell Neoplasia 


This term refers to the lesion initially described by Skakkebaek 
as “carcinoma in situ” as well as to other “differentiated” 
forms of intratubular germ cell neoplasia.*” Strictly speak- 
ing, the lesion originally described by Skakkebaek is now 
called “intratubular germ cell neoplasia, unclassified” by 
most, at least in the Western hemisphere; with increasing fre- 
quency in other parts of the world as well. It is the precursor 
lesion of all invasive GCTs with the exceptions of SS, pre- 
pubertal YST, and teratoma. It is found in virtually all cases 
in which residual seminiferous tubules are identified around 
an invasive GCT. It also is present in 5% to 8% of cases of 
cryptorchidism,°' 5% of patients with an invasive GCT in the 
contralateral testis,°' and frequently in dysgenetic gonads. 

The story of testicular “carcinoma in situ” (intratubular 
germ cell neoplasia) is fascinating and serves as a paradigm 
for the concept of progression from incipient or preinvasive 
neoplasia to invasive disease.’ In 1972, Skakkebaek 
reported “atypical spermatogonia” in two men undergoing 
testicular biopsies during a workup for infertility who sub- 
sequently developed invasive testicular GCTs. He hypoth- 
esized that these cells constituted “carcinoma in situ.” Two 
subsequent seminal studies by his group proved that this was 
indeed the case. In 1978, he reported a series of 555 men who 
underwent testicular biopsies for infertility. They identi- 
fied six patients with evidence of “carcinoma in situ.” With a 
median follow-up period of approximately 3 years, three of 
these patients developed evidence of an invasive GCT; one of 
them with bilateral disease. The remaining 449 patients were 
tumor free during the same follow-up period (Box 12-2). 

In 1986, the Skakkebaek group reported their experience 
with contralateral biopsies in 500 patients with unilateral 
GCT.“ Twenty-seven patients (5.4%) were found to have 
“CIS.” Eight patients received systemic chemotherapy for 
advanced disease. Of the remaining 19 patients, 7 (37%) 


Box 12-2 INTRATUBULAR GERM CELL 


NEOPLASIA 


e Seen in adult-onset GCTs but not prepubertal tumors 

e Associated with irregular hyalinization of tumor-bearing 
seminiferous tubules 

e May be seen in association with microlithiasis 

e Characterized cytoplasmic clearing, irregular nuclear 
contours, coarse chromatin, and prominent nucleoli 

e Tumor cytology and immunophenotype are identical in 
seminoma and IGCNU 
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developed invasive GCT at this site within the follow-up 
period. Mathematical modeling suggested that 50% 
of biopsy-positive cases would develop disease within 
5 years. Remarkably, not a single case of contralateral GCT 
developed in the remaining 463 biopsy-negative patients 
during the same follow-up period. In a subsequent report 
the authors revealed that at least two of the biopsy-positive 
cases that received systemic therapy subsequently developed 
contralateral tumors, suggesting that systemic therapy is not 
always effective against preinvasive disease.” 

It is clear that the original lesion described by Skakkebaek is 
the precursor to all types of GCTs, at least for those that origi- 
nate in postpubertal gonads other than SS. In early 1980, a group 
of distinguished pathologists including Drs. Robert Scully, Juan 
Rosai, EK. Mostofi, and Robert Kurman met in Minnesota to 
discuss the nomenclature of incipient germ cell neoplasia. They 
agreed that “carcinoma in situ” was a poor choice to describe 
this lesion since it had no features of epithelial differentiation. 
They suggested the term “intratubular germ cell neoplasia, 
unclassified” (IGCNU) because it was associated with all mor- 
phologic types of GCT with the exception of SS. It also under- 
scores the fact that differentiated forms of intratubular germ 
cell neoplasia may occur, including intratubular EC. 

IGCNU can be seen adjacent to invasive GCTs in vir- 
tually all cases in which residual testicular parenchyma is 
present. é As previously mentioned, it is present in up to 
4% of cryptorchid patients, up to 5% of contralateral gonads 
in patients with unilateral GCT, and up to 1% of patients 
biopsied for oligospermic infertility. Its association with tes- 
ticular GCTs arising in prepubertal patients is still a source 
of controversy.**°” While some authors suggest that it does 
not occur, others state that it does. In either case, we can 
state with reasonable certainty that, if IGCNU does occur in 
childhood tumors, it is certainly less apparent. 


Figure 12-8 W Intratubular germ cell neoplasia. Notice the 
seminiferous tubules with irregular thickening of the basement 
membrane that contain cells with perinuclear clearing, irregular 
hyperchromatic nuclei with prominent nucleoli. An adjacent unin- 
volved tubule is present. 


Microscopic Features 


IGCNU is characterized morphologically by the presence of 
enlarged, atypical germ cells located adjacent to a usually 
irregularly thickened basement membrane (Figs. 12-8, 12-9A 
and B). The atypical cells are either isolated or form a single 
row along the basement membrane. They are typically larger 
than spermatogonia, the other cell that usually resides near 
the basement membrane. IGCNU cells have clear cytoplasm, 
irregular nuclear contours, coarse chromatin, and enlarged 
nucleoli, which may be single or multiple. Spermatogonia 
may also have clear cytoplasm but the cells are small, 
have round and regular nuclear contours, densely packed 


Figure 12-9 E A: Intratubular germ cell neoplasia. The surrounding Sertoli cells are small, fusiform, and lack nucleoli, similar to 
what is seen in prepubertal gonads. In adults the presence of seminiferous tubules with immature Sertoli cells is believed to be a sign of tes- 
ticular dysgenesis. The combination of IGCNU and immature Sertoli cells is also a feature of gonadoblastoma. B: Testicular microlithiasis 
associated with IGCNU. While this finding can be associated with the presence of a germ cell neoplasm, it is in no way specific as it can be 
seen in many other conditions. 
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Figure 12-10 EŒ Seminoma cells fill the lumen of a semi- 
niferous tubule. This should not be called intratubular germ cell 
neoplasia. 


chromatin, and absent nucleoli. In most cases, tumor-bearing 
tubules do not have active spermatogenesis and contain 
mostly Sertoli cells. Sertoli cells may be displaced toward the 
tubular lumen. Characteristically, they contain a single nucle- 
olus that is small and regular. The nuclei are oval or round 
with regular borders and the chromatin is fine. The cytoplasm 
is amphophilic/eosinophilic and not vacuolated. 

In essence, the cytologic features of classic IGCNU are 
those of seminoma. The relationship is supported by the 
coexpression of a host of histochemical and immunohisto- 
chemical markers among both cell types. Further evidence 
comes from electron microscopy; which has shown that 
both share common ultrastructural features: including the 
absence of well-developed cytoplasmic intermediate fila- 
ments, inconspicuous organelles, glycogen particles, lack 
of mature desmosomes and cell junctions, and nucleoli with 
ropy nucleolonema. Tubules whose lumens are filled with 
these cells may be regarded as “intratubular seminoma” 
(Fig. 12-10). The presence of 1(12p) in IGCNU remains 
controversial with some investigators suggesting it is an early 
event and present in this stage of the disease while others 
suggest that it occurs only after the tumor cells invade into 
the parenchyma.” This debate is interesting in understand- 
ing the pathogenesis and progression of testicular GCTs but 
is of little or no clinical and diagnostic importance. Given 
the availability of excellent immunohistochemical mark- 
ers, it is never necessary to resort to fluorescence in situ 
hybridization (FISH) or other molecular tests to document 
its presence. It is said that ICGNU is triploid or hypertetra- 
ploid. However, once again, this finding is of little diagnostic 
consequence.’ 

IGCNU may extend into the rete testis, usually under- 
mining the epithelium in a “pagetoid” pattern (Fig. 12-11). 
At times, the epithelium of the rete may become hyperplas- 
tic, and in this setting, it is important not to confuse this find- 
ing with the presence of nonseminomatous GCT. At times, 
the rete testis epithelium adjacent to the tumor may contain 
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er Ae" 
Figure 12-11 W Intratubular germ cell neoplasia extends 
into the rete testis in a pagetoid fashion. 


intracytoplasmic eosinophilic droplets that may be confused 
with YST (Fig. 12-12).° 


Histochemistry and Immunohistochemistry 


IGCNU cells contain glycogen and thus are PAS-positive, 
diastase-sensitive. Rarely will other intratubular cells, 
whether spermatogonia, spermatocytes, or Sertoli cells, 
show similar positivity. Placental-like alkaline phospha- 
tase (PLAP) is one of the isoforms of alkaline phosphatase 
(Table 12-5). PLAP antibodies will stain IGCNU, the majority 
of seminomas and ECs, as well as a smaller percentage of 
YSTs. Immunoreactivity is seen in virtually all cases of 
IGCNU and the staining pattern is usually membranous 
or cytoplasmic. No other nonneoplastic intratubular cells 
are immunoreactive for PLAP, but immunoreactivity may be 


ss 


in, ao 


and intracytoplasmic eosinophilic globules, mimicking YST. This 
pitfall can be avoided by paying close attention to the location of 
the findings, since transition to more typical rete testis epithelium 
is usually seen. 
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Table 12-5 GCTs RISK CLASSIFICATION: 
INTERNATIONAL CONSENSUS 
Risk Group Seminoma Nonseminoma 
Good Any HCG AFP < 1,000 ng/mL 
Any LDH HCG < 5,000 mIU/mL 
Nonpulmonary LDH < 1.5 x ULN 
visceral 
metastases 
absent 


Nonpulmonary visceral 
metastases absent 

Gonadal or 
retroperitoneal 
primary tumor 


AFP 1,000- 


Any primary site 


Intermediate | Nonpulmonary 


visceral 10,000 ng/mL 
metastases 
present 
Any HCG HCG 5,000- 
50,000 mIU/mL 
Any LDH LDH 1.5-10.0 x ULN 


Nonpulmonary visceral 
metastases absent 
Gonadal or 
retroperitoneal 
primary site 
Mediastinal primary site 
Nonpulmonary visceral 
metastases present 
(e.g., bone, liver, brain) 
AFP 10,000 ng/mL 
HCG 50,000 mIU/mL 
LDH 10 x ULN 


Any primary site 


Poor Does not exist 


AFP a-fetoprotein; HCG, human chorionic gonadotropin; LDH, lactate 
dehydrogenase; ULN, upper limit of normal. 

Manivel JC, Jessurun J, Wick MR, et al. Placental alkaline phospha- 
tase immunoreactivity in testicular germ-cell neoplasms. Am J Surg 
Pathol 1987:;11:21-29. 
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seen in other types of non—germ cell malignancies.” C-kit 
(CD 117) is expressed in a large percentage of IGCNU as well 
as seminomas, but not in other GCTs.” Once again, the staining 
pattern is cytoplasmic/membranous (Fig. 12-13A). Despite the 
overexpression of this antigen, C-kit is rarely mutated in these 
tumors. Other antibodies that immunoreact with IGCNU but 
are rarely used in clinical practice include M2A and 43-F. 77576 
POUSF1 (Oct3/4) is a very interesting marker with great clini- 
cal utility.” The gene serves as a transcription factor and its 
product is expressed in pluripotent mouse and human embry- 
onic stem cells and is downregulated during differentiation. 
Since the gene is also required for self-renewal of embryonic 
stem cells, knocking out the gene is lethal. This antigen is 
expressed solely in IGCNU, seminoma, and EC, suggesting 
that these are the types of GCT cells with pluripotency, that 
is, with the capacity to differentiate. As a transcription factor, 
staining is localized to the nucleus (Fig. 12-13B). 

Another transcription factor expressed in IGCNU is 
SALL4; however, this nuclear marker is expressed in a wider 
spectrum of GCTs including seminoma, EC, yolk sac, tumor, 
and some glandular elements of teratoma.” As such, it is a 
useful marker in the characterization of GCTs but cannot be 
used in isolation. Podoplanin (clone D2-40) is an excellent 
cytoplasmic (membranous) marker with nuclear staining 
restricted to ICGNU and seminoma.**! 


Differential Diagnosis 


When the tumor cells fill the seminiferous tubules, the term 
IGCNU is no longer used but rather intratubular seminoma, 
assuming that the cytomorphologic features of the tumor 
cells are identical to those described above. It is important 
to keep in mind that the presence of neoplastic cells within 
tubules does not always constitute IGCNU and that one 
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Figure 12-13 E A: Intratubular germ cell neoplasia. C-kit is positive in a membranous distribution. Notice that a few spermatogonia 
may be immunoreactive (arrow). B: Intratubular germ cell neoplasia. Oct3/4 is positive in a nuclear distribution. 
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B: IGCNU and intratubular EC. IGCNU is characterized by atypical cells with irregular nuclear contours, prominent nucleoli, and cyto- 
plasmic clearing (thin arrows) whereas the EC cells have larger, more irregular nuclei and nucleoli as well as amphophilic cytoplasm 
(thick arrows). 


must adhere strictly to the established diagnostic criteria. 
On occasion spermatogonia may be enlarged and notably 
hyperchromatic, superficially mimicking ICGNU at low 
magnification. These changes are thought to be degenera- 
tive and are not associated with the development of tumor. 
These cells can be easily seen at intermediate to high mag- 
nification since they lack the characteristic coarse chroma- 
tin, nuclear contour irregularities, and prominent nucleoli 
seen in ICGNU. As you might expect, the immunoprofile 
of these cells is quite different, lacking expression of PLAP 
and OCT4. At times, spermatogonia can express C-kit and 
SALL4. Proper care must be taken to examine closely the 
cytologic features of the immunoreactive cells. While some 
investigators have reported PLAP immunoreactivity in 
rare spermatogonis, we have not encountered this problem. 
Besides intratubular seminoma, one can encounter intratu- 
bular EC (Fig. 12-14A and B), intratubular SS, and even 
metastatic disease such as melanoma and prostatic carci- 
noma. Intratubular lymphoma and even mesothelioma may 
also be confused with IGCNU. 

ICGNU is commonly encountered adjacent to invasive 
germ cell tumors, more rarely during the workup of infertility, 
and in countries where patients with unilateral GCT undergo 
a diagnostic biopsy of the contralateral gonad. Biopsy of the 
contralateral side is rarely performed in this country but has 
been advocated in countries where the incidence of develop- 
ing a contralateral tumor is high, such as in Scandinavia. In 
these settings, the cytologic features of ICGNU are identical 
to what we have described, but the diagnosis can be a bit 
more challenging because the number of neoplastic cells 
tends to be more limited. It is important to evaluate well- 
fixed, well-stained samples and to place close attention to 
the nuclear detains of the cells. In this setting prudent use 
of a limited panel of immunohistochemical markers, such as 


Oct4 and podoplanin, may be very useful. PLAP and C-kit 
can also be used, with the caveats mentioned above. 


Seminoma 


Seminomas are the most common GCTs arising in the male 
gonad, whether they arise in a pure state or mixed with other 
morphologic types.”°*?*’ “Pure” seminoma account for 30% 
of testicular GCT and another 15% to 20% contain syncytio- 
trophoblasts without other germ cell components. Seminoma 
is extremely rare in children younger than 10 years of age, 
and uncommon in adolescents.*’ Approximately 1% to 2% 
are bilateral and bilaterality can occur synchronously or 
asynchronously. Seminomas reach a peak incidence between 
the fourth and fifth decades of life, which is approximately 
one decade later than nonseminomatous GCTs. Most patients 
present with self-identified testicular swelling, approxi- 
mately 10% have acute groin pain, and fewer than 3% have 
symptoms secondary to metastatic disease, most commonly 
lumbar pain resulting from retroperitoneal involvement.” 
At the time of presentation, clinically about 75% of patients 
have disease limited to the testis, 20% have retroperitoneal 
involvement, and 5% have supradiaphragmatic or visceral 
metastases (Box 12-3). 

A subset of seminomas, specifically those contain- 
ing syncytiotrophoblastic cells, may have mildly elevated 


Box 12-3 SEMINOMA 


Most common GCT presenting in its pure form 
Most common GCT in males above the age of 50 
Does not occur in prepubertal patients 

Only invasive GCT to consistently express D2-40 
(podoplanin) 
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serum levels of B-HCG. Patients with metastases are more 
likely to have elevated levels of B-HCG; however, elevation 
of this marker does not appear to be an adverse prognostic 
marker but rather a marker of bulkier disease or advanced 
stage.® AFP levels generally are not elevated in pure semi- 
noma, and any elevations require more thorough sampling 
of the tumor for a nonseminomatous component. LDH can 
be elevated in seminoma but this elevation is in no way spe- 
cific to this disease but generally is a marker of the extent 
of disease; the larger the tumor burden, the high the serum 
levels. 


Gross Features 


Seminomas appear as a fleshy, well-circumscribed, bulging 
cream or light tan mass that, depending on size, may occupy 
a variable amount of testicular parenchyma or replace it 
entirely (Fig. 12-15). Tumor size can be quite variable with 
some measuring less than a centimeter while rare cases may 
reach a size of 10 cm or greater. Areas of necrosis may be 
observed grossly in up to 20% to 25% of cases, with this 
finding being more common in larger tumors. Some semi- 
nomas are associated with a granulomatous reaction, and in 
these cases the tumor takes on a fibrous and nodular gross 
appearance. Tumors with trophoblastic elements may be 
associated with punctate foci of hemorrhage. In general, 
one section per centimeter of tumor is sufficient sampling. 
However, tumors with a variegated appearance and those 
with nodularity must be sampled in a manner that all areas 


FIGURE 
fleshy tan mass occupies most of the testicular parenchyma. 


12-15 E Seminoma gross. A  well-circumscribed 


are sampled adequately. It is better to oversample in these 
cases since the management between pure seminomas and 
tumors with mixed histologies may be quite different. As 
previously mentioned, it is important to sample in a manner 
that allows the examination of the interface between the 
tumor—parenchyma, tumor-rete testis, tumor—mediastinum, 
and tumor—adnexa.'* Sections of the spermatic cord should 
be taken as mentioned earlier in this chapter. 


Microscopic Features 


Seminoma usually grows in a sheet-like arrangement 
intersected by thin fibrous septa containing mature lym- 
phocytes (Fig. 12-16). Occasionally, the fibrous septa 
are thicker, imparting a more nodular appearance to the 
tumor. Rarely seminomas may exhibit unusual patterns 
such as cribriform, pseudoglandular, and tubular growth”? 
(Fig. 12-17A and B). These do not represent separate enti- 
ties, but rather histologic variants of classic seminoma. 
Most tumors efface the underlying testicular parenchyma 
although an interstitial pattern of infiltration may be seen 
at the periphery in many cases. Rarely the pattern of 
growth is preferentially interstitial.?! Interestingly, we have 
encountered a few cases of seminoma in which the com- 
ponent of the tumor with an interstitial pattern of growth 
took on micropapillary features due to retraction from the 
surrounding stroma (Fig. 12-18A and B). In two cases, the 
possibility of a metastatic carcinoma was entertained. The 
lymphocytes associated with the fibrous septa are mostly 
T cells, many with y/ phenotype.” Some tumors may 
contain lymphoid aggregates with germinal center forma- 
tion. Up to 50% of tumors may exhibit a granulomatous 
reaction that may be so intense as to obscure the underlying 
neoplasm (Fig. 12-19). Some cases exhibit extensive fibro- 
sis, particularly those associated with a granulomatous 
reaction or tumors that have undergone partial regression. 
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Figure 12-16 E Seminoma, classic type. Cells have squared- 
off nuclei, clear cytoplasm with little nuclear overlap. Mature 
lymphocytes are present in the septa. 
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Figure 12-17 E A: Seminoma with a tubular pattern of growth. The cytologic features of the tumor cells are identical to those seen in 


classic seminoma. B: Seminoma with a tubular pattern of infiltration. At low power it is easy to understand why it might be confused with 
a SCT. It would be highly unusual for a seminoma to have this pattern of growth throughout the lesion. 


Seminomas seen in association with a parenchymal scar 
should bring to mind the possibility of partial regression 
of the tumor, which may have been seminoma or possi- 
bly another GCT component other than teratoma. This 
phenomenon may be the explanation in some cases for 
nonseminomatous metastases in otherwise pure testicular 
seminomas. Whenever a parenchymal scar suggestive of 
partial regression is encountered, it is important to include 
it in the pathology report as a comment since this finding 
may account for the discrepancy between the pathology of 
the viable tumor and serum tumor markers. 

Seminoma cells have a moderate amount of clear to pale 
eosinophilic cytoplasm with prominent cytoplasmic mem- 
branes and distinct cell borders (Fig. 12-16). The nuclei are 
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large, round to rhomboid in shape and centrally located. The 
chromatin is evenly distributed and one or more prominent 
nucleoli are invariably present. In well-preserved speci- 
mens, one is unlikely to encounter nuclear overcrowding 
and overlap or syncytial growth. Mitotic activity is vari- 
able but may be quite brisk, a feature that has no bearing on 
prognosis. A significant proportion of seminomas contain 
syncytiotrophoblasts and their presence may be associated 
with focal areas of hemorrhage (Fig. 12-20). The absence 
of cytotrophoblast distinguishes these lesions from chorio- 
carcinoma. Seminomas with syncytiotrophoblasts are gen- 
erally accompanied by serum elevation of human chorionic 
gonadotropin (HCG), but levels will rarely reach levels 
above 500 IU/mL.* 


are irregularly thickened. A: Seminoma with an interstitial pattern of infiltration. Tumor cells infiltrate among seminiferous tubules. 
B: Seminoma with an interstitial pattern of infiltration. Notice the retraction artifact, giving the tumor cell a “micropapillary” appearance. 
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Figure 12-19 E Seminoma associated with an intense 
granulomatous reaction. 


Histochemistry and Immunohistochemistry 


The expression profile of seminomas is detailed in Table 
12-3. Briefly, tumor cells contain glycogen (PAS-positive) 
and express PLAP, C-kit (CD117), by immunohistochem- 
istry?” but not cytokeratins, CD30, or inhibin. In our 
practice, PAS and PLAP are rarely relied upon because of the 
availability of better discriminating markers. On occasion 
weak CD30 cytoplasmic immunoreactivity may be encoun- 
tered in isolated seminoma cells, a finding that should not 
warrant a change in diagnosis. It is important to remember 
that CD30 may be expressed in some hematopoietic cells as 
well so attention to nuclear detail is warranted. A minority 
of seminoma cells may express focal and weak, dot-like or 
linear immunoreactivity for cytokeratin AE1/AE3 and CAM 
5.2, however, never diffuse and strong staining throughout 
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Figure 12-20 WE Seminoma with syncytiotrophoblasts. 
Hematoxylin and eosin (H&E) stain reveals multinucleated syn- 
cytiotrophoblasts among classic seminoma cells, in the absence of 
cytotrophoblast. Inset demonstrates immunoreactivity for HCG in 
syncytiotrophoblastic cells. 
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Figure 12-21 W Cytokeratin immunoreactivity in classic 
seminoma. Notice the dot-like cytoplasmic positivity in occasional 
cells. 


the cytoplasm (Fig. 12-21). Caution must be taken when 
interpreting cytokeratin markers since syncytiotrophoblasts 
are usually strongly immunoreactive, as are its mononuclear 
variants. If one relies on panels of markers this issue is 
resolved easily since syncytiotrophoblasts lack immunore- 
activity to POU5F1 (OCT4), SALL4, podoplanin, and so on. 
Like IGCNU, seminoma cells express (OCT4) in a nuclear 
distribution”!!! (Fig. 12-22). SALL4 is positive in a 
nuclear distribution while podoplanin (D2-40) is expressed 
in a cytoplasmic membranous distribution, once again simi- 
lar to ICGNU. 


Differential Diagnosis 


Some seminomas exhibit a significant degree of cytologic 
atypia 


103-111 and this fact led to the now abandoned concept 
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Figure 12-22 Œ OCT4 immunoreactivity in seminoma 
showing diffuse nuclear staining. 
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Figure 12-23 E Seminoma with atypia. While some tumors 
may lack a lymphocytic infiltrate and exhibit atypical cytologic 
features, one must consider other possibilities in the differential 
diagnosis. 


of “anaplastic seminoma” as a discreet entity with a worse 
prognosis.*'!!” As described, this tumor was characterized by 
overall morphologic features of a seminoma but containing 
more pleomorphic cells with nonclear cytoplasm and abun- 
dant mitotic figures. Fibrovascular septa and lymphocytes 
were absent and focal necrosis was commonly seen. This con- 
cept did not withstand the test of time since many series later 
showed that stage for stage there was no difference in clinical 
outcome between classic and anaplastic seminomas.7°'%:!!3 
In addition, it has become quite evident that mitotic activity 
in seminomas is quite variable and, in fact, may be quite high 
even in classical cases.'® For the last decade or so, we have 
used the term “seminoma with atypia” not as a diagnostic 
entity but rather as a reminder to consider all possible expla- 
nations for the atypical morphologic findings (Fig. 12-23). 
We need to emphasize that the “classic” growth and cyto- 
logic features of seminoma are not always present. This fact 
can bring problems in establishing the correct diagnosis. 
Poor fixation is a major culprit. In this setting the tumor 
cells are poorly preserved, the cytoplasm is condensed and 
eosinophilic, with the nuclei becoming irregular and hyper- 
chromatic. In this setting, isolated necrotic nuclei may be 
present. In cases of poor tissue fixation, these changes are 
usually seen in a geographic distribution. The presence of 
a granulomatous and fibrous reaction mechanically distorts 
the diffuse growth pattern of the seminoma cells, which 
is now seen as aggregates or nests of cells with irregular 
cytoplasmic features. In extreme examples they can mimic 
neoplastic epithelial and even hematopoietic cells. If the 
seminoma is associated with an intense lymphocytic infil- 
trate, the tumor cells may be difficult to identify at low 
magnification, although the neoplastic component can be 
readily identified at high magnification, if necessary supple- 
mented by immunohistochemistry. The problem associated 
with seminomas containing a tubular or interstitial growth 


Chapter 12 li Tumors of the Testis 765 
pattern has been mentioned and must be kept in mind. 
Attention to cytologic detail should lead us to the correct 
diagnosis since in these cases the classic nuclear cytology of 
seminoma is preserved. A myxoid stromal response is rarely 
encountered in seminoma, a feature more commonly associ- 
ated with SS. Once again, nuclear cytology should solve the 
differential diagnosis, with immunohistochemistry limited 
to truly difficult cases. 

Tumors thought to be seminoma but exhibiting atypi- 
cal histology should trigger consideration of a differential 
diagnosis of seminoma, which includes (a) seminoma with 
“early carcinomatous differentiation,” (b) solid variants of 
EC or YST, (c) lymphoma, (d) sex cord—gonadal stromal 
tumor (particularly SCT), (e) SS, (f) monophasic tropho- 
blastic tumor (choriocarcinoma), and (g) metastatic disease, 
including poorly differentiated carcinoma and melanoma. 
Some examples are illustrated later in this chapter. 

“Early carcinomatous differentiation” refers to areas of 
transition from seminoma to EC (Fig. 12-24). This concept 
suggests that seminoma cells are not terminally differenti- 
ated but rather, under certain poorly understood circum- 
stances, may differentiate into other GCT types.**!°!!4 
These tumors are characterized by either focal or diffuse 
nuclear atypia, nuclear overlapping, and on immunohis- 
tologic evaluation may show small clusters with intense 
membrane-predominant cytokeratin or CD30 (Ber-H2) 
positivity (Fig. 12-24). We would expect for OCT4 and 
SALL4 to be retained while C-kit and podoplanin expres- 
sion would be lost in the EC component. The management 
of these tumors, whether as seminomas or as mixed GCTs, is 
controversial and is institution-dependent. Some investiga- 
tors feel that these tumors should be approached clinically 
as mixed GCTs since the seminoma has already manifested 
its propensity to differentiate toward a more aggressive 


12-24 E Seminoma with early carcinomatous 
transformation. On the H&E stain you are able to notice subtle 
changes in cytology of the tumor cells with the EC cells having 
indistinct cells borders, nuclear overlap, and larger, more irregular 
nuclei. Inset demonstrates an AE1/AE3 cytokeratin stain in which 
strong cytoplasmic immunoreactivity is seen in the EC component. 


FIGURE 
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phenotype. Others would not change management based on 
this finding alone since, in the absence of other adverse prog- 
nostic factors, the patient would likely be placed on surveil- 
lance either way. The fact of the matter is that decisions on 
how to treat these patients are at best empiric because of the 
rarity of the situation and the absence of clinical studies. 

In contrast to a typical seminoma, EC has consistently a 
higher nuclear grade, irregular chromatin distribution, and 
syncytial arrangement of the cells (Fig. 12-18). The cyto- 
plasm often is amphophilic to basophilic, the cell borders 
are poorly defined and glandular, or papillary areas may be 
present. The solid pattern in YSTs may also mimic semi- 
noma. However, this pattern is usually accompanied by other 
diagnostic patterns of YST, making the distinction usually 
easy. YST cells generally have smaller nuclei without promi- 
nent nucleoli and may contain hyaline globules. Conversely, 
edema and microcysts in a seminoma may raise the possibil- 
ity of a reticular or microcystic pattern of YST. The immu- 
nohistochemical profile of each of these tumors is distinct, as 
seen in Table 12-4. Lymphomas of the testis usually are bilat- 
eral tumors, occur in older men, have an interstitial growth 
pattern, and lack intratubular germ cell neoplasia. The nuclei 
are generally more convoluted and lack cytoplasmic clear- 
ing. Leukocyte common antigen and other lymphoid mark- 
ers usually are positive, and PLAP is negative. 

Rarely, seminomas with conspicuous tubular architecture 
may superficially resemble SCTs (Fig. 12-17B). The clas- 
sic cytomorphology of seminoma cells is retained in tubular 
areas; however, invariably some areas of the tumor retain 
the typical sheet-like architecture. Conversely, because of 
a nested growth pattern, stromal fibrosis, and presence of 
lymphoid cells and intracytoplasmic glycogen, rare clear 
cell variants of sex cord—stromal tumors may be mistaken 
for a seminoma. The smaller, less pleomorphic nuclei, low 
mitotic count, and absence of IGCNU in the former, together 
with the immunoprofile, should aid in arriving at the cor- 
rect diagnosis. SS may bear a superficial resemblance to 
typical seminoma, but on closer scrutiny the polymorphous 
cell population is invariably evident and IGCNU is absent. 
Rarely, metastatic tumors, including renal cell carcinomas, 
prostatic carcinomas, and malignant melanomas, may create 
differential diagnostic problems. Accurate clinical history, 
together with features such as angiolymphatic invasion and 
interstitial growth pattern, is important in arriving at the 
correct diagnosis, sometimes with the aid of immunohis- 
tochemistry. Finally, other causes of atypical histology in 
seminoma include poor fixation and faulty processing in the 
pathology laboratory. 


Clinical Management of Seminoma 


Primary testicular seminoma is managed by radical ingui- 
nal orchiectomy. Many clinicians no longer give adjuvant 
low-dose external beam radiation therapy to the retroperi- 
toneum in clinical stage 1 disease but rather place them 
on surveillance; one important reason is the documented 


increased incidence of second malignancies.''*!!8 


Metastatic disease is treated with combination chemother- 
apy and postchemotherapy surgical resection is seldom, if 
ever, indicated. Cure rates for adequately treated seminoma 
are over 95% although chemotherapy-resistant tumors have 
been rarely described. As previously mentioned, the avail- 
ability of adverse prognostic features in primary semi- 
noma remains controversial.!*?! Lymphovascular invasion 
places the tumor in the pT2 category but does not seem 
to be associated with disease progression. Involvement of 
the rete testis was thought to predict recurrence but a more 
recent study calls this issue into question. Involvement of 
the adnexa does not seem to influence progression while 
involvement of the soft tissue of the spermatic cord is clas- 
sified as stage pT3 and is usually seen in patients with doc- 
umented advanced disease. 


SPERMATOCYTIC SEMINOMA 


Etiology and Pathogenesis 


SSs are rare, constituting <2% of testicular neoplasms.°°'!9"1?! 
In our institution, they account for significantly <1% of pri- 
mary testicular tumors resected. They represent an entirely 
separate and distinct clinicopathologic entity from classic 
seminoma. The peak incidence is in the sixth decade of life!** 
(median 54 years). Patients as old as 87 years and as young 
as 25 years of age have been affected. This tumor occurs only 
in the male gonad, is not associated with either cryptorchi- 
dism, other types of GCTs, i(12p), or nuclear expression of 
the stem cell marker OCT4. IGCNU is not present although 
tumor cells may fill seminiferous tubules (intratubular SS) 
and these neoplastic cells exhibit the identical level of cyto- 
logic heterogeneity seen in the invasive component. It was 
described as a distinct entity by Masson!” in 1946 who con- 
sidered it to mimic spermatogenesis, based on the polymor- 
phous cell population and meiotic-like chromatin pattern in 
some cells. To date, no race or geographic predilection has 
been described although the rarity of the disease makes this 
type of analysis difficult. 


Clinical Features 


Men usually present with a unilateral painless testicular 
mass, although up to 9% are bilateral.'*! It is essentially a 
benign tumor with very few cases having metastasized’; 
possibly only one bona fide case with metastasis has been 
documented in the literature. When we make this diagnosis, 
our advice to the treating urologist is to treat is as a benign 
tumor with the possible exception of a postorchiectomy base- 
line CT scan of the abdomen. An exception to this rule is the 
rare case of “spermatocytic seminoma with sarcoma,’!?>.'76 
which is commonly associated with metastatic disease at 
the time of initial diagnosis and poor prognosis. It is dif- 
ficult to establish the rate of sarcomatous transformation 
since these cases are reported as small series, mostly based 
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Box 12-4 © SPERMATOCYTIC SEMINOMA 


Peak incidence in the sixth decade of life 

Not associated with gains of chromosome 12p or i(12p) 
Not associated with serum elevation of oncofetal proteins 
Composed of three cell types; small (6 to 8 um), medium 
(15 to 20 um), and large (50 to 100 um) 

e Benign clinical course unless associated with 
sarcomatous transformation 


on consultation cases, or isolated case reports. Suffice it to 
say that it is very rare. Outside of our consultation practice, 
we have collectively only seen a single primary case. One 
report introduced the concept of “anaplastic spermatocytic 
seminoma” as a variant of this disease.!” SS is not associ- 
ated with serum elevations of B-HCG, AFP, or any other 
oncofetal protein (Box 12-4). 


Gross Features 


SSs are well circumscribed and multilobulated or multi- 
nodular. Extension beyond the testis is rare. The cut surface 
typically is soft, with a fleshy, gelatinous, or mucoid consis- 
tency. Areas of hemorrhage and cystic change are common. 
Tumors tend to be large at presentation with a median size of 
7.0 cm and a range of 2.0 to 20 cm. 


Microscopic Features 


The tumor cells are arranged in solid sheets or nests. 
Occasionally the tumor cells may be arranged in nests or 
pseudoglandular arrangements within an edematous or 
mucoid stroma (Fig. 12-25A and B). Cytologically, it is 
possible to identify three distinct cell types; small, medium 
and large although cells of medium size predominate 
(Fig. 12-26). The small cells have round, lymphocyte-like 
nuclei with dense chromatin and scant eosinophilic cytoplasm 
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and measure between 6 and 8 um. The intermediate cells, 
measuring between 15 and 20 um, have a small amount of 
eosinophilic or amphophilic cytoplasm. The nuclei are round 
and contain coarse chromatin, at times exhibiting a “spi- 
reme” (filamentous or string-like) pattern. The large cells, 
which can be multinucleated and measure between 50 and 
100 um, have round or oval nuclei and may exhibit spireme 
chromatic distribution. All three cell types may be pres- 
ent within seminiferous tubules (intratubular SS) but clas- 
sic IGCNU is not seen (Fig. 12-27). Mitoses are frequent, 
including atypical forms (Fig. 12-25B). These tumors rarely 
contain a lymphocytic infiltrate and are not associated with 
a granulomatous reaction. When SS is associated with sar- 
coma, this component is usually undifferentiated or may 
exhibit rhabdomyosarcomatous differentiation. !?5!6 

Tumor cells do not contain glycogen (negative PAS 
stain). Immunohistochemical stains for PLAP are negative, 
although occasional cells may be weakly immunoreactive. 
Cytokeratins are negative, although occasional cells may 
exhibit dot-like cytoplasmic staining. CD30, Oct3/4, and 
podoplanin are negative, while some investigators have 
reported variable immunoreactivity for CD117 (C-kit) and 
SALL4.74:86-101,128,129 


EMBRYONAL CARCINOMA 


Clinical Features 


In its pure form, EC comprises up to 3% of GCT, although 
approximately 40% of all GCTs contain an EC component. 
Over 50% of tumors with either pure or predominant EC 
components will present with metastatic disease. Pure EC 
most commonly occurs in patients during the third or fourth 
decades of life, with an average age of 32 years,'*° and is 
extremely rare in prepubertal children.'*' Most patients pres- 
ent with a testicular mass that may be painful. Up to 10% of 
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Figure 12-25 E A: Spermatocytic seminoma. Low-power magnification reveals densely packed tumor cells associated with pools of 
eosinophilic/basophilic fluid. B: Spermatocytic seminoma. The tumor cells are variable in size and mitotic activity is brisk. 
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Figure 12-26 W Spermatocytic seminoma. High magni- 
fication clearly illustrates tumor cells of three sizes. The smaller 
lymphocyte-like cells measure 10 um or less while the largest, with 
“spireme” chromatin, measure 50 um or more. 


patients present with symptoms related to metastatic disease. 
Metastases most commonly occur first to retroperitoneal 
lymph nodes, which in turn leads to back pain. Twenty per- 
cent of patients presenting with metastatic disease will also 
have supradiaphragmatic involvement. !?? 

EC is not associated with elevation of serum B-HCG or 
AFP Earlier reports suggested an association with ele- 
vation of these markers were likely due to misclassification 
of the tumor, largely caused by not recognizing variants of 
YST. Similarly, EC cells should not express immunoreactiv- 
ity for either of these markers, with earlier reports suggest- 
ing the contrary suffering from the same issues mentioned 
above. However, it is possible that focal AFP immunore- 
activity in a tumor that otherwise fulfills the criteria for 
EC represents early transformation to YST. If this were the 
case, one would also expect absent or decreased expression 


Box 12-5 © EMBRYONAL CARCINOMA 


e Only 3% of pure adult-onset GCT although 40% of mixed 
GCT contain Emb. Ca. 

e Commonly it is the dominant histology in patients with 
metastatic disease 

e Characterized by membranous expression of CD30 and 
nuclear expression of OCT4 and SALL4 

e AFP and B-HCG are not expressed. Pure forms are 
usually not associated with serum elevation of these 
oncofetal proteins 


of CD30 and OCT4 while SALL4 expression is retained 
(Box 12-5). 


Gross Features 


ECs may vary in size, color, and texture, are commonly hem- 
orrhagic, and exhibit areas of cystic degeneration and necro- 
sis (Fig. 12-28). They may be poorly circumscribed and often 
extend into the mediastinum of the testis or adnexa. Color 
can vary from tan to dark brown, depending on the amount 
of hemorrhage and necrosis present. On average, pure ECs 
are smaller at diagnosis than other GCTs. 


Microscopic Features 


The pattern of growth is quite variable: gland-like, papillary, 
syncytial, and solid areas are commonly encountered"? 
(Fig. 12-29A and B). A solid pattern with a sheet-like 
arrangement is present in almost all ECs but rarely predomi- 
nates (Fig. 12-29C). It is usually associated with multiple 
microscopic foci of necrosis. In the solid areas, darkly stain- 
ing, degenerate-looking cells with hyperchromatic, smudged 
nuclei often are present at the periphery of cell groups (so- 
called applique pattern) (Fig. 12-30). These cells may be con- 
fused with syncytiotrophoblastic cells, raising the possibility 


tumor cells tend to fill the lumen of the tubule and the same degree 
of variability in nuclear size is observed. 


Figure 12-28 E Embryonal carcinoma gross. This tumor is 
extensively hemorrhagic but well circumscribed. 
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of a choriocarcinoma. A tubular and tubulopapillary pattern 
is present in approximately 75% of tumors. In this pattern, 
tumor cells form true glandular or papillary structures, the 
latter organized around fibrovascular cores (Fig. 12-31). In 
many cases, a glandular or papillary appearance may be 
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tice the presence 
of degenerated cells with hyperchromatic, smudged nuclei inter- 
mingled with viable tumor cells (so-called appliqué pattern). 


Figure 12-29 E A: Embryonal carcinoma. The tumor cells 
are arranged in a pseudoglandular/papillary pattern, likely due to 
cell drop-off. B: EC with a solid pattern of growth. The tumor cells 
have inconspicuous cell borders. The nuclei are irregular, hyper- 
chromatic, and overlap with each other. Karyorrhectic debris is 
common. C: EC, solid variant. The tumor cells are very atypical 
with large irregular nuclei and pleomorphic nucleoli. The nuclear 
to cytoplasmic ratio is variable, and the cytoplasm is amphophilic. 
Notice the degree of karyorrhexis and mitotic activity, features that 
would not be seen in solid variants of YST. 


present due to cell drop-off. Rarely a micropapillary pattern 
may be observed. Fibrous septations are rare, as are lym- 
phocytic infiltrate and granulomatous reaction. Frequently, 
intratubular growth by EC is present at the periphery of the 
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Figure 12-31 E EC with papillary growth. The papillary 
architecture suggests the possibility of YST, but close attention to 
the cytology of the tumor cells support a diagnosis of EC. Inset 
reveals very atypical pleomorphic nuclei, classic for EC. 
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12-32 E Intratubular EC. Notice the distended 
tubules containing tumors cell, necrotic debris, and irregular calci- 
fications. The surrounding stroma is inflamed and fibrotic. 


tumor, and often the cells in these tubules show extensive 
necrosis and dystrophic calcification (Fig. 12-32). The 
presence of peritubular fibrosis helps distinguish intratubu- 
lar growth from VI that frequently occurs in EC. An undif- 
ferentiated primitive-appearing spindle cell component may 
be seen in close association with the epithelial component of 
EC. Although a minor component of such stroma is accepted 
by some experts as EC,!** many others, including us, believe 
this to indicate a teratomatous component, requiring careful 
evaluation for other teratomatous components. 

The cells of EC are large, irregular, and epithelioid 
(Fig. 12-30). The cytoplasm is quite variable, ranging from 
abundant to minimal, although the nuclear to cytoplasmic 
ratio is invariably high. The cytoplasm is basophilic to 
amphophilic and rarely clear. Cell borders are characteristi- 
cally indistinct. The nuclei are large and irregular with coarse 
chromatin and one or more irregular nucleoli. Common 


findings include nuclear crowding and overlap, individual 
cell necrosis, and apoptotic bodies.!*? 


Immunohistochemistry 


The immunohistochemical features of EC are summarized 
in Table 12-4. Briefly, these tumors usually show intense 
and diffuse immunoreactivity for PLAP, cytokeratins (AE1/ 
AE3 and CAM 5.2), CD30 (Ber-H2), OCT4, SOX-2, and 
SALL4"!133-134 (Fig. 12-33A and B). Cytokeratin staining 
may be variable but is usually cytoplasmic; CD30 tends to 
be mostly membranous while OCT4, SOX2, and SALL4 are 
nuclear. Only about 2% of cases react with epithelial mem- 
brane antigen (EMA).'” Staining for C-kit protein generally 
is negative, and B-HCG is demonstrable only in intermingled 
syncytiotrophoblastic cells.*! Most AFP-positive foci in 
ECs probably represent unrecognized foci of or early tran- 
sition to YST. Pertinent negatives include C-kit and podo- 
planin, remembering that C-kit can rarely stain isolated cells. 


Differential Diagnosis 


The solid variant of EC may be confused with “atypical” 
forms of seminoma, although the latter does not exhibit the 
same degree of cytologic anaplasia as EC. It is important 
to make this distinction because of the markedly different 
therapeutic implications and biologic behavior. The solid 
and papillary patterns of EC may be confused with similar 
patterns of YST. However, YST typically shows myriad pat- 
terns within the same tumor. The cells in EC have greater 
nuclear pleomorphism than in YSTs.'** The presence of 
Schiller-Duval formations, hyaline globules, or basement 
membrane material favors YST. An immunopanel including 
CD30, OCT4, SALL-4 and AFP is further discriminatory. 
Depending on the cell of origin, large cell lymphomas 
will be immunoreactive for B- or T-cell markers.771°4969810 
Large cell lymphoma (including Ki-1 lymphoma) sometimes 


tion. B: Embryonal carcinoma. Diffuse nuclear expression of OCT4 in a nuclear distribution. 
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Figure 12-34 Œ Malignant lymphoma with nuclear immu- 
noreactivity for OCT4. Admittedly, this finding is rare, but it is a 
good example of why it is better to use a panel of antibodies rather 
than a single marker to characterize a tumor. In this case, OCT4 led 

to an erroneous diagnosis of seminoma. 


may be confused with EC. However, patients with 
lymphoma generally are older and usually have bilateral 
and extragonadal disease. Lymphomas have an intersti- 
tial growth pattern, lack intratubular germ cell neoplasia 
(although lymphoma cells may be present within seminif- 
erous tubules), and are negative for PLAP. Although Ki-1- 
positive lymphomas are positive for CD30, rare cases may 
show focal expression of cytokeratin, diffuse and strong 
coexpression of CD30, OCT4, and cytokeratins establishes 
the diagnosis of EC over a large cell anaplastic lymphoma. 
We have observed a single case of testicular large cell lym- 
phoma with focal nuclear expression of OCT4, a finding 
that is not entirely surprising since OCT4 is a stem cell 
marker (Fig. 12-34). This fact may be a good reason to add 
SALL4 to the immunopanel when faced with this differen- 
tial diagnosis. 

One of the most difficult differential diagnoses is between 
EC in an extra testicular site and metastatic undifferentiated 
carcinoma. In such situations, judicious use of mucin stains 
(positive in some metastatic carcinomas), immunohisto- 
chemistry, particularly OCT4 and SALL4, and clinical cor- 
relation are helpful (see Table 12-4). 


Clinical Management 


In the introduction we discussed issues relating to prognostic 
factors and treatment. It is worth repeating that the extent 
of EC within a mixed GCT is associated with an increased 
risk of disease progression. This fact is amplified in the 
presence of pure EC. It is not surprising that lymphovascu- 
lar invasion is the rule rather than the exception. In fact, in 
well-prosected cases of pure EC, lymphovascular invasion is 
almost always found microscopically. Management decisions 
are based on the stage at presentation but these patients are 
almost never offered surveillance, receiving either adjuvant 
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the immature seminiferous tubules in the adjacent testicular 
parenchyma. 


chemotherapy or, more controversial, primary retroperitoneal 
node dissection followed by chemotherapy, if needed. !??135-!37 


YOLK SAC (ENDODERMAL SINUS) TUMOR 


YSTs are characterized by multiple patterns of growth that 
recapitulate the yolk sac, allantois, and extra-embryonic 
mesenchyme. It has a bimodal age distribution: infants 
and young children and postpubertal males. In children, it 
commonly presents in its pure form, usually within the first 
2 years of life (Fig. 12-35). They account for 75% of child- 
hood testicular GCTs. In the postpubertal setting, it rarely 
presents in a pure form but is present in almost half of mixed 
GCTs.”*'%8 The incidence of a YST component is higher in 
primary mediastinal GCT. 

Patients at any age usually present with a painless testicu- 
lar mass. Most childhood YSTs are stage I disease at presen- 
tation and radical orchiectomy is curative. Even in children 
with more advanced disease, the prognosis is better than 
in adults, suggesting a greater degree of chemosensitivity. 
There is some evidence that adults with a YST component in 
a mixed GCT have a higher frequency of stage I disease. 3°14! 
However, the presence of YST elements in metastatic tes- 
ticular cancer has been associated with a poor prognosis, 
suggesting that YST has lower metastatic potential but less 
chemosensitivity than EC.”°? It is not uncommon for YST 
elements to be the sole or predominant component in patients 
with chemotherapy-refractory disease. It is important to keep 
in mind that residual yolk sac components after chemother- 
apy as well as those seen long after systemic therapy may 
exhibit unusual morphologies (Box 12-6). 

Of patients with a YST component in their tumors, 95% 
to 100% have elevated serum AFP*”'” Serum levels below 
15 ng/mL are considered normal, and its half-life is 5 to 7 days. 
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Box 12-6 @ YOLK SACTUMOR 


e Bimodal (prepubertal and adult) age distribution 

e Multiple morphologic variants with microcystic being the 
most prevalent 

e Unusual morphologies may be encountered post chemo- 
therapy and in late recurrences 

e Characterized by immunohistochemical coexpression of 
SALL4 and glypican 3 but not OCT4 


Modest physiologic elevations above this value may occur in 
normal young children,” and it is important not to overinterpret 
such elevations. Additionally, low levels of serum AFP elevation 
may be encountered in patients with postchemotherapy residual 
teratoma, an issue that must be considered before concluding 
that the patient has residual chemotherapy-resistant Y ST. 


Gross Features 


Most pediatric YSTs are nonencapsulated gray-tan to yellow 
homogeneous tumors usually with a myxoid and variably cys- 
tic quality. The gross appearance in adults is quite variable 
because YST components are usually closely admixed with 
other elements. A YST component is present in over 30% 
of mixed GCT. Pure YST in adults is rare, comprising <2% 
of tumors. If pure, they commonly appear gray-white with a 
myxoid or even mucoid appearance with areas of hemorrhage. 


Microscopic Features 


These tumors can have variable morphologic appearance due 
to the multiple subtypes, which are usually intermixed.”>'44"'4° 


e Reticular or microcystic: It is the most commonly 
encountered pattern, characterized by cells with promi- 
nent cytoplasmic vacuoles forming a meshwork of 
spaces as well as an irregular arrangement of interanasto- 
mosing cords of tumor cells and microcysts (Fig. 12-36). 
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Figure 12-36 E YST, microcystic. Inset: AFP immunoreac- 
tivity in the tumor. We do not find this stain to be very dependable. 
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These cysts vary in size and may contain an amorphous 
eosinophilic or basophilic fluid. Occasionally the epithe- 
lial cords attenuate and disperse into surrounding stroma 
as single spindle cells. The stroma frequently is myxoid. 


Macrocystic: This pattern is seen as a result of coalesced 
microcysts (Fig. 12-37). 


Endodermal sinus: This pattern is the most distinctive 
and widely recognized pattern. It is characterized by a 
papillary core of fibrous tissue containing a central blood 
vessel that is covered by a layer of cuboidal to colum- 
nar tumor cells (Fig. 12-38). The papillary structure is 
surrounded by a cystic space, which in turn is lined by 
flattened tumor cells. The entire structure is known as a 
Schiller-Duval body. When cut tangentially this struc- 
ture may take on the appearance of elongated fibrous 
tissue cores draped (festooned) by malignant epithelium. 
While Schiller-Duval bodies are recognized by most 
pathologists, they are seen in only a minority of tumors. 
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Figure 12-38 E YST, endodermal sinus type. Notice the 
presence of Schiller-Duval bodies. 
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Figure 12-39 E YST with glandular/parietal features. 


e Papillary: This pattern is characterized by small irregular 
papillae, with or without fibrous cores, projecting into cys- 
tic spaces. If cut tangentially these may appear as detached 
papillae or cell clusters present within cystic spaces that 
often are lined by cuboidal to low columnar cells. 


e Glandular—alveolar: Here glands and alveoli are lined by 
flattened epithelium or columnar, pseudostratified epithe- 
lium with brush borders (enteric features) (Fig. 12-39). 
Rarely, basal cytoplasmic vacuoles, reminiscent of early 
secretory endometrium, may be present, a feature more 
commonly seen in teratoma. 


e Myxomatous: This pattern is quite common and char- 
acterized by cords or nests of neoplastic fusiform cells 
embedded in a myxoid stoma rich in hyaluronic acid. 
This pattern is most commonly seen adjacent to micro- 
cystic and reticular areas, the spindle cells appearing to 
emanate from them (Fig. 12-40). 
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Figure 12-40 E YST with myxomatous pattern. Attenuated 
tumor cells line microcysts. Cords of neoplastic fusiform cells are 


embedded in a myxomatous stroma. 
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Figure 12-41 Œ YST with polyvesicular vitelline growth 
pattern. Variably sized cysts are lined by flattened tumor cells. The 
cysts have a central or eccentric constriction and are embedded in 
variably cellular mesenchyme. 


e Spindle cell: Rarely, YSTs have a cellular neoplastic 
(sarcomatoid) component. The spindle cells retain cyto- 
keratin positivity, supporting their derivation from the 
epithelial component of microcystic/reticular YST. 


e Parietal: This pattern is characterized by a variable 
amount of eosinophilic basement membrane material, 
which is present in the extracellular space between 
tumor cells. 


e Polyvesicular vitelline: This pattern shows cysts often 
with an eccentric constriction, scattered in edematous 
to fibrous stroma. The cysts are lined by flattened to 
columnar epithelium, and the transition from the flat- 
tened to columnar epithelium usually occurs at the site 
of constriction (Fig. 12-41). 


e Hepatoid: This pattern is not infrequent and presents 
itself as small clusters of cells with abundant eosinophilic 
cytoplasm and a large central nucleus with prominent 
nucleolus (Fig. 12-42). The cells may be arranged in 
nests, cords, or trabeculae and may show bile canalicular 
formation. These areas are diffusely and strongly AFP- 
positive and frequently show hyaline globules and posi- 
tivity for hepatocyte immunostain, Hep Par-1. 


e Solid: It consists of a sheet-like arrangement of po- 
lygonal cells, with eosinophilic to clear cytoplasm, 
well-defined cell borders, and relatively uniform nuclei 
(Figs. 12-43, 12-44, and 12-45A and B). This pattern 
may be confused with other GCTs, particularly semi- 
noma. Occasionally it is possible to see eosinophilic 
droplets or hyaline bodies in the interstitium, a helpful 
feature in making a diagnosis of YST in this setting. 


Tumor cells of YST are not as primitive or pleomorphic as 
those seen in EC. They have more abundant clear or weakly 
granular cytoplasm, which is often vacuolated. Individual 
cell necrosis and apoptotic bodies are not as conspicuous as 
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Figure 12-42 E YST, hepatoid variant. The tumor cells 
have large, regular nuclei with prominent nucleoli and abundant 
eosinophilic cytoplasm. Inset reveals strong granular cytoplasmic 
immunoreactivity for hepatocyte marker 1 (Hepar-1). 
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in EC; in the epithelial-looking areas the level of cytologic 
atypia lies somewhere between seminoma and EC. In the 
microcystic and spindle areas, the cells are usually more 
fusiform or stellate but lack marked cytologic atypia, as seen 
commonly in teratomatous mesenchyme. The cytoplasm 
may contain small, spherical, and densely eosinophilic intra- 
cytoplasmic droplets, which are PAS positive and diastase 
resistant. These represent either AFP or, more commonly, 
alpha-1-antytrypsin deposition. 


Immunohistochemistry 


Tumor cells of YST are usually immunoreactive for AFP 
and low-molecular-weight cytokeratins (Fig. 12-32). PLAP 
staining is variable and may be absent. CD117 (C-kit), 
CD30, and OCT4 are usually negative but SOX2, SALL4, 
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eosinophilic, basement membrane-type material in the stroma as 
well as an occasional eosinophilic droplet, likely to be AFP. 
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FiGureE 12-44 E YST, solid. The level of nuclear abnormali- 
ties is less than what is seen in EC. Inset shows diffuse nuclear 
immunoreactivity for SALL-4. 


and glypican 3 are positive’?”17494 9698 -100.133,147.148 (Fig, 12-46) 
(Table 12-3). We have found that AFP immunohistochemistry 
can be difficult to interpret. Staining can be weak, patchy and 
it is often associated with a dirty background. While we admit 
that some of these findings could be laboratory-associated, 
the fact of the matter is that we never perform or interpret this 
assay in isolation. Because we now have better antibodies, we 
do not consider this assay to be absolutely necessary. 


Differential Diagnosis 


Differentiation of the solid pattern of YST from pure semi- 
noma is of great therapeutic and biologic importance and 
more crucial than its distinction from EC. Differentiation of 
YST from seminoma and EC has been discussed earlier. 

Rare purely glandular YST may be confused with an 
immature teratoma. The enteric glands in YST often branch 
extensively, in contrast to the usually simple glands seen in 
teratoma, sometimes surrounded by a smooth muscle layer. 
A clinically major consideration is the distinction of juve- 
nile granulosa cell tumor from a YST in infants. Both tumors 
show solid and cystic areas. The cells in juvenile granulosa 
cell tumors do not appear as primitive as in YST, however. 
The presence of other YST patterns is helpful. Juvenile gran- 
ulosa cell tumor does not stain for AFP but stains for inhibin 
A. From a practical point of view, any testicular tumor seen 
in a neonate or within the first year of life is a juvenile granu- 
losa cell tumor until proven otherwise. 


CHORIOCARCINOMA 


Choriocarcinoma is composed of syncytiotrophoblastic, 
cytotrophoblastic, and other trophoblastic cells. It comprises 
<1% of testicular GCT in its pure form; however, it may be 
encountered as a component of a mixed GCT in up to 15% of 
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type stroma (see Fig. 12-43). In this setting, the tumor can be confused with seminoma. However, infiltrating lipocytes are absent, and the 
nuclei are a bit more irregular than in seminoma. Inset demonstrates lack of immunoreactivity for Oct4. B: YST after chemotherapy. This 
tumor recurred in the retroperitoneum 38 years after primary therapy and was confirmed genetically (112p). While we classified it originally 
as secondary somatic malignancy (adenocarcinoma), it is likely to represent an unusual morphologic manifestation of YST. Unusual mor- 


phologies are not uncommon in the postchemotherapy setting. 


cases.7°**!39 In its pure form, these highly malignant tumors 
occur in the second and third decades of life, are commonly 
associated with very high levels of serum HCG (usually above 
50,000 mIU/mL), and exhibit metastatic disease at the time of 
initial presentation. In this setting metastatic disease is found 
not only in the usual sites for other testicular tumors but also 
via hematogenous spread to viscera, including lungs, liver, 
gastrointestinal tract, spleen, brain, and adrenals. About 10% 
present with gynecomastia as a result of the marked eleva- 
tion of serum B-HCG levels.” Because of the structural simi- 
larities between B-HCG and thyroid-stimulating hormone, 
thyrotoxicosis also may occur. Since pure choriocarcinoma 
usually presents with widespread hematogenous spread, 
nonpulmonary visceral metastases, and very high serum 
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tivity for glypican 3. 
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E YST with diffuse cytoplasmic immunoreac- 


levels of B-HCG, they usually fall into the poor risk category 
(Table 12-5). It is important to note, however that the choice 
of systemic therapy is based on risk category rather than his- 
tology. Small foci of choriocarcinoma within a mixed GCT 
are not uncommon and do not influence therapy or prognosis 
(Box 12-7). 


Gross Features 


These tumors usually present as a hemorrhagic, necrotic 
mass with areas of blood-filled cysts. The amount of residual 
viable tumor may be minimal, requiring thorough sampling. 
Similarly, identification in mixed GCTs requires proper 
sampling, paying close attention to areas of apparent hemor- 
rhage. The mass may be small despite the presence of meta- 
static disease and lymphovascular invasion is common. 


Microscopic Features 


The majority of cases contain abundant necrotic tumor and 
hemorrhage and the amount of viable disease can be mini- 
mal. These tumors exhibit an admixture of trophoblastic 


Box 12-7 © CHORIOCARCINOMA 


e Seen in up to 40% of testicular mixed GCTs 

e Pure cases are rare but usually are associated with 
hematogenous metastases and very high serum levels 
of B-HCG (>50,000 mIU/mL) 

e Admixture of syncytiotrophoblasts and cytotrophoblasts 

e Monophasic, implantation site-like and cystic tropho- 
blastic variants are rare but more commonly seen post 
chemotherapy 
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may be extensive. B: Choriocarcinoma. Syncytiotrophoblasts “cap” nests of cytotrophoblasts. 


cells in varying proportions (Fig. 12-47A and B). Classic 
cases will have syncytiotrophoblasts, defined as multinucle- 
ated cells with smudged nuclear chromatin and abundant 
amphophilic cytoplasm and cytotrophoblast, which are 
mononuclear cells with clear to amphophilic cytoplasm and 
mild to moderate nuclear pleomorphism. In better-preserved 
areas, masses of cytotrophoblast are capped by syncytiotro- 
phoblasts whereas in others the relationship between these 
components is more random. Very rare cases lack syncy- 
tiotrophoblasts and are composed predominantly of mono- 
nucleated cytotrophoblast and intermediate trophoblastic 
cells with abundant eosinophilic cytoplasm and squamoid 
appearance (Figs. 12-48 and 12-49). These tumors have 
been descriptively called “monophasic” variants of cho- 
riocarcinoma and have no association to a distinct clinical 
meaning except for the fact that they are more commonly 
encountered in the postchemotherapy setting.'!°° Another 
recently described and even rarer variant of trophoblastic 
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of cytotrophoblast. Flattened and deeply eosinophilic syncytiotro- 
phoblasts are seen surrounding the nests of cytotrophoblasts. 


disease is called implantation site trophoblastic tumor, a 
term taken from the morphologically analogous gestational 
tumor seen in women.!*' It is composed of intermediate 
trophoblasts exclusively (Fig. 12-50). These cells are mono- 
nuclear, pleomorphic, and exhibit eosinophilic cytoplasm. 
They are immunoreactive for human placental lactogen 
(HPL), EMA, and cytokeratins. Cystic trophoblastic tumor 
refers to cystic lesions rarely seen in the postchemotherapy 
setting, in association with residual teratoma (Fig. 12-51). 
These cysts are lined by epithelioid cells with abundant 
eosinophilic cytoplasm and a squamoid appearance. These 
cells are not mitotically active and should not be in con- 
tinuity with other epithelial teratomatous elements within 
the same cyst. Its clinical meaning is unknown but should 
be regarded as a component of the teratoma rather than 
residual nonteratomatous GCT.!5>!53 
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asic choriocarcinoma. The tumor is 
composed virtually entirely of mononuclear intermediate tropho- 
blasts of the chorionic type. It was the sole histology seen in several 
lung metastases resected following systemic therapy Inset demon- 
strates nuclear immunoreactivity for p63 (clone 4A4). 
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Figure 12-50 W Implantation site trophoblastic tumor. The 
lesion is characterized by epithelioid cells with abundant eosinophilic 
cytoplasm, similar to the similarly named gestation-related lesion 
seen in women. In males, it is very rare and seen exclusively in the 
postchemotherapy setting. Inset reveals immunoreactivity for EMA. 


Syncytiotrophoblasts are immunoreactive for B-HCG 
as well as inhibin, EMA, and low molecular weight cyto- 
keratins. PLAP may be positive, but staining is variable.*° 
Cytotrophoblast are either negative or weakly positive for 
B-HCG. Pregnancy-specific B1-glycoprotein and HPL also 
are positive in syncytiotrophoblasts and intermediate-sized 
trophoblasts but are negative in cytotrophoblast.?°'™ 


Differential Diagnosis 


Choriocarcinoma with extensive hemorrhage and necrosis 
must be differentiated from testicular hemorrhagic infarc- 
tion resulting from torsion or other causes. The onset of 
acute pain and swelling are commonly associated with 
infarction. It is important not to confuse seminomas with 
abundant syncytiotrophoblasts with choriocarcinoma. In 


Figure 12-51 W Cystic trophoblastic tumor. Cystic spaces 
are lined by cells with abundant eosinophilic cytoplasm, some with 
a squamoid appearance. By definition, these cells do not merge 
with more typical epithelial teratomatous cells within the same 
cyst. This lesion is seen exclusively in metastatic sites post chemo- 
therapy and should be regarded as a variant of teratoma. 
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both scenarios, the syncytiotrophoblasts may be associated 
with hemorrhage. However, in seminoma it is less likely to 
encounter necrosis and cytotrophoblast will be absent. These 
rules also hold true in the setting of other mixed GCTs. 


TERATOMA | 


The term teratoma refers to neoplasms composed of tissues, 
which have differentiated along any of the three somatic 
pathways: ectoderm, mesoderm, or endoderm.”***'*> Tumors 
composed of only one of these components are regarded 
as monodermal teratomas. Teratomas may be composed of 
mature tissues, embryonal-type tissues, or a mixture of both. 
Historically, they were subclassified as immature and mature 
forms based on their degree of differentiation. The World 
Health Organization now recommends that these morpholo- 
gies be considered as a single entity based on their overlap- 
ping genetic and clinical features.'*° Testicular teratomas 
occur in both prepubertal and adult patients with each hav- 
ing distinct biology. In prepubertal patients, they account for 
up to 20% of cases and are invariably benign. They usually 
appear in a pure form with the mean age at diagnosis being 
20 months; rarely will they occur after 4 years of age. These 
tumors are not associated with intratubular germ cell neo- 
plasia, are likely to be diploid, and will not exhibit i(12p). 
Teratomas in postpubertal patients are usually a component 
of a mixed GCT, tumors with a pure teratomatous histology 
being rare, <7%. These tumors, whether mature or immature, 
are considered malignant since both may be seen in primary 
and metastatic sites. They are commonly aneuploid and will 
exhibit 1(12p). Whether mature teratomatous components are 
capable of metastasis or whether their presence in a meta- 
static site represents differentiation within a more primitive 
clone that has metastasized, such as EC or YST, is debatable. 
Teratomatous components may be the only remaining recog- 
nizable tumor after spontaneous regression or after systemic 
therapy. Pure teratomas are not usually associated with eleva- 
tion of serum oncofetal markers. However, the fluid in cystic 
teratomas postchemotherapy has been shown to express high 
levels of these markers.!°° In this setting it is believed that 
these proteins may leach into the circulation, leading to low- 
level elevations of oncofetal proteins that clinically should 
not be interpreted as evidence of residual, chemotherapy- 
resistant, and/or nonteratomatous GCT (Box 12-8). 


Box 12-8 © TERATOMA 


e Subclassification into mature and immature categories is 
not recommended 

e Pure cases are more common in prepubertal than in adult 
patients 

e May be associated with secondary somatic malignan- 
cies, most commonly post chemotherapy and in late 
recurrences 

e Best treated by surgery since all forms are 
chemoresistant 
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Figure 12-52 E Teratoma gross. Cystic and solid areas are 
evident. 


Gross Features 


Tumors are usually heterogeneous, firm or soft, nodular, and 
well circumscribed. They may be solid or cystic depend- 
ing on histologic components (Fig. 12-52). The cysts may 
contain keratinaceous or viscous material or serous fluid. 
Cartilaginous elements may be grossly evident. 


Microscopic Features 


Mature elements (“mature” teratoma) resemble those seen 
in postnatal tissues from any or all three germ cell layers. 
Attempts at organ formation are common, particularly in 
children, but generally, the different components are inter- 
mixed but disorganized (Figs. 12-53 and 12-54). Skin and its 
adnexa are common ectodermal components whereas endo- 
derm may be represented by any of a host of epithelia such 
as enteric, respiratory, or intestinal glands. Mesoderm may 
be represented by smooth and skeletal muscle, cartilage, and 
bone. Foci of adult-type neural tissue are common. 
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Teratoma. Notice the intermingling of 


Fetal-type tissues (“immature” teratoma) are usually seen 
juxtaposed to mature elements and may derive from any of 
the germinal layers (Figs. 12-54, 12-55A and B). The imma- 
ture elements are commonly represented by cellular, undif- 
ferentiated, primitive-appearing spindle cells (mesenchyme) 
that may surround fetal-type glands. Primitive, central-type 
neuroepithelium, embryonal skeletal muscle, and blastema 
may also be seen (Fig. 12-56). 

When one of the teratomatous components, whether mes- 
enchymal (skeletal muscle), neural (primitive neuroepithe- 
lium), or epithelial (glandular or squamous), predominates and 
forms an “expansile” mass, the term “teratoma with secondary 
somatic type malignancy” is used**'5”'*! (Fig. 12-57A-C). 
These tumors were originally called “teratoma with malig- 
nant transformation,” a term no longer in use. The definition 
of what constitutes somatic-type malignancy is controver- 
sial, but most authors suggest that the expansile nodule 
should be equal or greater to the area viewed with a 4x 
objective (40x total magnification) (Figs. 12-58 and 12-59). 
The incidence of secondary somatic malignancy is approxi- 
mately 3%. This phenomenon may be seen de novo in tes- 
ticular GCT, more commonly in mediastinal primaries, and 
in retroperitoneal disease resected after chemotherapy. !585° 
It can also be seen in cases of late recurrence, many years 
after systemic chemotherapy was completed.’ If limited 
to the gonad it is not associated with a worse prognosis. 
However, if seen in the retroperitoneum or mediastinum, 
progression and decreased survival are to be expected, par- 
ticularly if incompletely excised.!* An interesting feature 
of this disease is that the “secondary somatic malignancy” 
retains the typical genetic abnormality found in GCTs, that 
being 1(12p). In addition, it may also acquire the genetic 
abnormality of the secondary malignancy, for example, 
primitive neuroepithelial component may exhibit an 11;22 
translocation along with i(12p).'%!% Rare cases of pure 
primitive central-type neuroectodermal tumors have been 
described.'** Recently it has been shown that the majority 
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Figure 12-55 WE A: Teratoma. In this image, more mature enteric-like glands are seen adjacent to a primitive neuroepithelial com- 
ponent. B: Teratoma. In this image, we can see immature, miillerian-type glands. The cells have subnuclear and supranuclear cytoplasmic 
vacuoles. An adjacent gland is partially lined retinal-type cells containing neuromelanin. Mesenchyme and smooth muscle cells are also 


present. 


of neuroepithelial elements seen in this setting are central 
rather than peripheral type.'® While some have regarded 
them as a form of monodermal teratoma, we consider 
them as examples of secondary somatic malignancy. These 
tumors are characterized by the presence of poorly differen- 
tiated cells arranged in sheets or forming primitive neural- 
type tubules, ependymal-type rosettes, or neuroblastic cells 
embedded in a fibrillary neuropil. This is a particularly omi- 
nous clinical finding in patients who have been previously 
treated with systemic chemotherapy.'* 

The immunohistochemical profile of teratomas will 
depend on the histologic component present. In addition, 
glandular elements are likely not to be immunoreactive for 
SALL4 and glypican 3 although focal staining may be evi- 
dent for either marker; whether this represents early yolk sac 
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Figure 12-56 W Teratoma composed of primitive neuroepi- 
thelial elements surrounded by mesenchyme. 


differentiation is unknown (Fig. 12-60). AFP may also be 
focally positive in glandular elements, which may be associ- 
ated with the elevation of AFP in the cystic fluid.!56 


Differential Diagnosis 


Rarely will teratomatous elements be confused with other 
entities although occasionally immature glands may mimic 
EC or YST. It is important to distinguish teratomas with 
mature elements from epidermoid and dermoid cysts, both 
of which are benign and will be discussed later in the chap- 
ter. Intratubular germ cell neoplasia is likely to be present in 
teratoma but is absent in epidermoid and dermoid cysts. The 
presence of scarring in the adjacent testicular parenchyma 
could be a sign of partial regression (partially burned-out 
lesion), and its presence should always be mentioned in the 
pathology report. This phenomenon is likely to account for 
some of the cases of divergent histology between the pri- 
mary and metastatic sites, the nonteratomatous component 
having regressed in the primary but not before spreading and 
growing at a metastatic site. 

If teratoma is present in a resected metastatic site, usu- 
ally postchemotherapy, no additional therapy is required. An 
exception to this approach is in the presence of secondary 
somatic malignancy, in which case some investigators may 
choose to give systemic therapy geared toward histology of 
the secondary malignancy. However, this issue remains con- 
troversial, and clinical responses are anecdotal. 


EPIDERMOID AND DERMOID CYSTS 


Epidermoid cysts constitute 1% or less of all testicular neo- 
plasms.**!°°!°7 Their histogenesis is unclear, although most 
investigators suggest that they represent monodermally 
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Figure 12-57 E A: Teratoma with an associated secondary 
somatic malignancy. Teratomatous components (left) adjacent to 
an expansile mass composed entirely of embryonal rhabdomyo- 
sarcoma. B: Secondary somatic malignancy. Embryonal rhab- 
domyosarcoma juxtaposed to intratubular germ cell neoplasia. 
C: Secondary somatic malignancy. Low-power magnification of a 
tumor composed exclusively of primitive neuroepithelial elements. 


an associated secondary 
somatic malignancy. A small amount of cystic teratomatous ele- 
ments are present in the top portion of the image. But the majority 
of the tumor was composed of central-type primitive neuroepithe- 
lial tumor (PNET). The patient subsequently developed lung metas- 
tases entirely composed on PNET (inset). 


Figure 12-59 WE Secondary 

postchemotherapy metastatic tumor has the biphasic features of 
Wilms tumor. The inset demonstrates nuclear immunoreactivity for 
PAX8, mostly in the epithelial but not blastemal component. WT1 
was also positive. 
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Figure 12-60 W Teratoma. Cystic space is lined by bland 
cuboidal epithelial cells. Inset shows nuclear immunoreactivity for 
SALL4. SALL4 is expressed in a wide spectrum of GCTs includ- 
ing IGCNU, seminoma, EC, and YST. It is important to remember 
that it can also be expressed in some elements of teratoma. 


differentiated mature teratoma, supported by the fact that 
a recent case with adjacent IGCNU was identified.'** Some 
have suggested that they arise from inclusion cysts, while 
others propose squamous metaplasia of seminiferous tubules 
or the rete testis (tumor-like condition). They are commonly 
discovered between the second and fourth decades of life 
and are often asymptomatic. These tumors may be as large as 
10 cm although most measure <2 cm (Box 12-9). 

Grossly they appear as well-circumscribed cystic masses 
filled with keratinized debris similar to an epidermal inclusion 
cyst (Fig. 12-61A). The cyst wall is composed of fibrous tissue 
surrounding flattened squamous epithelium (Fig. 12-61B). 
No dermal adnexal elements or other teratomatous ele- 
ments are present in the cyst wall or surrounding testicular 
parenchyma. These tumors are not associated with a testicu- 
lar scar; furthermore, IGCNU is not present except in the 
above-mentioned case. 

These unusual neoplasms are invariably benign and 
should be managed conservatively. Nevertheless, the lesion 
should be thoroughly sampled and examined by the patholo- 
gist to rule out other elements or IGCNU. The treatment of 
choice for classic examples of this disease is enucleation, 


Box 12-9 EPIDERMOID CYST 


e Benign lesion that constitute <1% of resected testicular 
neoplasms 

e Characteristic features on ultrasound that allows conser- 
vative enucleation of the lesion, which is the treatment 
of choice 

e Keratin-filled cyst lined by squamous epithelium, classi- 
cally without skin adnexal glands 

e Not associated with IGCNU or parenchymal scar 
(regression) 
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which is made possible by the fact that the diagnosis can be 
suggested on testicular ultrasound. 

Dermoid cysts have been described in the testis and 
are characterized by the presence of squamous epithelium 
overlying skin appendages, including hair follicles and 
sebaceous glands**!® (Figs. 12-62 and 12-63). They are 
extremely rare, and those described behave in a benign 
fashion. They differ from “usual” teratoma with mature 
elements by the absence of solid elements and IGCNU. 
Occasionally other teratomatous components may be 
present. Isolated cases with 1(12p) have been described, 
an important fact to keep in mind when understanding 
the histogenesis of these lesions but an assay that is not 
required for proper classification. They are considered 
a benign variant of cystic teratoma analogous to what is 
seen in the ovary. From a practical point of view, we report 
such lesion as “teratoma” and include a comment stating 
that this lesion has the morphologic features of a dermoid 
cyst that we consider to be a benign monodermal variant 
of teratoma. Personally, we feel uncomfortable with these 
tumors being treated by simple enucleation although this 
issue remains controversial. Importantly, the presence of 
parenchymal scarring should raise the possibility of partial 
regression of other germ cell elements and should be men- 
tioned in the pathology report. 


Carcinoid Tumor 


Primary carcinoid tumor of the testis is rare and is thought 
to represent a form of monodermal teratoma. Approximately 
75% of cases are pure carcinoid tumors while the remainder 
present as a component of teratoma.'”'” Mean age at pre- 
sentation is in the fifth decade of life although they have a 
wide age distribution. The minority have symptoms associ- 
ated with the carcinoid syndrome, and <10% will experience 
metastasis.'’!'”? Features associated with metastasis include 
size larger than 7 cm, pure histology, and the presence of 
carcinoid syndrome. 

Pure carcinoid tumors are pale yellow to dark tan, well- 
circumscribed, and firm. Size can be quite variable. If other 
teratomatous elements are present, the gross appearance 
will be more variegated. Microscopically, carcinoid tumors 
of the testis may have all the features seen in these tumors 
elsewhere, including insular, acinar, or trabecular patterns of 
growth (Figs. 12-64 and 12-65). The cytoplasm is abundant 
and the nuclei uniformly round with finely dispersed chro- 
matin and inconspicuous nucleoli. The tumor cells will be 
immunoreactive for neuroendocrine markers and cytokeratin. 

The principal differential diagnosis is with metastatic dis- 
ease. In fact, one should first consider the possibility of a metas- 
tasis prior to making a diagnosis of a primary carcinoid tumor 
of the testis. Bilateral, multifocal diseases as well as prominent 
angiolymphatic invasion are features of metastatic rather than 
primary disease, whereas association with other teratomatous 
components or ICGNU is a sure sign of primary disease. 
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Figure 12-61 E A: Epidermoid cyst. Gross appearance shows a well-circum 
testicular parenchyma is grossly unremarkable. B: Epidermoid cyst. The cystic cavity is lined by keratinized squamous epithelium without 
evidence of skin adnexal structures. Intratubular germ cell neoplasia is absent. 
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Figure 12-62 E Dermoid cyst. Skin adnexal structures and Figure 12-64 W Testicular carcinoid. When present in its 


other teratomatous elements may be present. This lesion should be pure form, the possibility of a metastasis must be entertained. 
considered a variant of teratoma. 
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with dermoid-like areas. A central Figure 12-65 W Carcinoid tumor. Nests and cords of neo- 
cystic space is lined by squamous epithelium, which is undermined plastic cells with amphophilic cytoplasm. When cords predomi- 
by adnexal-type glands. Other teratomatous elements were present nate, this tumor could be confused with a sex cord—stromal tumor, 
elsewhere, as was IGCNU. particularly SCT. 
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Figure 12-66 E A: Burned-out tumor (regression). Grossly, the testicular parenchyma exhibits an area of tan-white discoloration. 
The gross appearance of the surrounding testicular parenchyma is variable. B: Burned-out tumor (regression). Whole mount highlighting 
the area of scarring. These changes can also be seen after chemotherapy. 


COMPLETELY OR PARTIALLY “BURNED-OUT GERM 
CELL TUMOR 


A possible explanation for most—if not all—presumed 
“primary” retroperitoneal GCT lies in the concept of par- 
tially or completely “burned-out” GCT (Fig. 12-66A and 
B). For many decades, pathologists have observed areas 
of regression within GCTs. These usually take the form of 
a well-defined stellate fibrous scar at the periphery where 
sclerosed seminiferous tubules are evident.!'° The scar 
may be accompanied by a sparse plasma cell infiltrate and 
aggregates of hemosiderin and macrophages may be pres- 
ent (Fig. 12-67). The scar is usually located well within the 
substance of the testis. It may abut the mediastinum testis 


Figure 12-67 E Burned-out lesion. Low-power magnifica- 
tion shows parenchymal scarring as well as irregular dystrophic 
calcifications; the latter could signal the prior presence of intratu- 
bular EC. 


but is rarely located toward the poles or directly below the 
tunica albuginea. The latter location suggests the possibil- 
ity of a posttraumatic scar. Another occasional feature seen 
in burned-out lesions is the presence of peculiar hematoxy- 
philic deposits having an amorphous or granular structure. 
These deposits appear to be located within hyalinized sem- 
iniferous tubules. Infrequently, these hematoxylin-staining 
bodies may be associated with scattered malignant germ 
cells ICGNU). Variably hyalinized and atrophic seminifer- 
ous tubules, some containing microliths, dispersed within 
the testicular parenchyma, and seminiferous tubules with a 
Sertoli cell-only pattern are common findings associated 
with regression. However, testicular microlithiasis is in no 
way specific to testicular GCTs. A burned-out lesion with- 
out any viable GCT may be the only evidence of a regressed 
testicular primary. If viable germ cell components are pres- 
ent, they usually are in the form of teratoma, seminoma, or 
IGCNU. Burned-out lesions may be very small, rendering 
them nonpalpable; nevertheless, they are usually discern- 
ible by testicular ultrasound. Nonspecific testicular scars 
are commonly located near the tunica albuginea, and the 
seminiferous tubules away from the scar are normal in 
morphologic appearance with normal spermatogenesis 
(Box 12-10). 


Box 12-10 © BURNED-OUT LESION 


e Parenchymal fibrous scar with effacement of the normal 
cellular architecture 

e Scar may contain macrophages, plasma cells, and/or 
calcifications 

e Hyalinization of seminiferous tubules adjacent to and 
away from the area(s) of scarring 

e May be associated with viable GCT at a metastatic site 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


784 


TUMORS OF MORE THAN ONE HISTOLOGIC TYPE 


Mixed GCTs constitute between 35% and 54% of GCT, exclu- 
sive of seminomas with trophoblastic cells and SS with sar- 
coma.”°*° They are rarely seen in prepubertal gonads. All the 
morphologic variants previously described may be encoun- 
tered with the exception of SS. The most common combina- 
tions are EC and teratoma (26%); EC and seminoma (16%); 
and EC, YST, and teratoma (11%)*?!!73° (Fig. 12-68A-C). 
Cases containing a component of seminoma tend to occur 
later in life than those that do not. Elevation of serum 
oncofetal proteins will depend on the histologic components 
of the tumor (Fig. 12-69). As expected, the gross and micro- 
scopic features are quite variable and will depend on the his- 
tologic components encountered. In reporting this tumor,'” 
we should mention each of the components present, giving 
the percentage of each. The term “teratocarcinoma” should 
be avoided since it lacks diagnostic specificity. 

As previously mentioned, in reporting the pathology of 
mixed GCTs, it is important to mention the percentage of each 
of the histologic components, particularly the percentage of 
EC. Tumors with a predominance of EC (variably reported to 
be more than 55% to 80%) are four times more like to develop 


Urological Pathology 


Figure 12-68 E A: Mixed GCT (EC and teratoma). A nest 
of EC with classic, highly atypical cytology is surrounded by tera- 
tomatous mesenchyme and a single gland with subnuclear vacuol- 
ization. B: Mixed GCT (EC and YST). C: Mixed GCT (YST and 
teratoma). 


metastatic disease, usually to the retroperitoneum, via the lym- 
phatics. Since these tumors are also more likely to be associated 
with lymphovascular invasion, the relative contribution of EC 
as a risk factor has been questioned by some. In our institution 
clinical stage 1 patients with a percentage of EC above 55% 
are rarely, if ever, managed by surveillance but rather undergo 
a primary RPLND. Admittedly, this remains a controversial 
topic. We do not recommend subclassifying the teratomatous 
components by their level of maturity, for reasons previously 
discussed. However, mentioning the presence of teratoma is 
important. The presence of teratoma in a primary tumor cor- 
relates with the presence of teratoma in a residual postchemo- 
therapy mass. In this setting and in the absence of serum marker 
elevation, the presence of residual teratomatous elements can 
be inferred clinically. Although controversial, such residual 
masses, if small, are not resected but rather monitored. 
Polyembryoma is a variant of mixed GCT in which EC 
and yolk sac components are arranged in a pattern resem- 
bling the embryo prior to day 18 of development.*”*' It is 
characterized by the presence of scattered embryoid bod- 
ies, defined as a central plate of primitive cells exhibiting 
EC-like features, a “dorsal amnion-—like cavity” lined by 
flat cells; and a “ventral yolk sac—like” vesicle composed of 
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reticular and myxoid YST (Fig. 12-70). The bodies generally 
are surrounded by myxoid mesenchyme. Polyembryoma is 
invariably encountered in a setting of mixed GCT. 

The term diffuse embryoma is used for tumors that exhibit 
an equal proportion of EC and YST where each of these ele- 
ments encircles the other in a necklace or ribbon-like fash- 
ion (Fig. 12-71). The presence of polyembryoma or diffuse 
embryoma has no known clinical significance. 


Pathologic Prognostic Factors in Stage | 
Nonseminomatous Germ Cell Tumors 


Until recently, the treatment of choice for stage I nonsemino- 
matous germ cell tumor was radical orchiectomy followed by 
RPLND. Given the advent of highly effective chemotherapy, 
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ized by the presence of embryoid bodies embedded in a loose mes- 
enchyme. An embryoid body is characterized by the presence of an 
“embryonic disc” composed of EC cells (thin arrow), an amniotic- 
like cavity (intermediate-sized arrow), and a yolk sac component 
(thick arrow). From a practical point of view, this lesion should be 
regarded as a mixed GCT. 
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Figure 12-71 W Diffuse embryoma. Irregular gland-like 
structures lined by EC cells are surrounded by YST. Inset dem- 


onstrates membranous immunoreactivity for CD30 in the EC cells 
but not YST. 


the availability of sensitive serum tumor markers, as well as 
more precise staging techniques, orchiectomy alone followed 
by close surveillance is a viable option for some patients. 
Overall, 20% to 25% of patients treated in this manner will 
recur, usually in the retroperitoneum and within a year of the 
orchiectomy (Box 12-11). 

Many studies have shown that the presence of VI in the 
primary tumor is the best predictor of recurrence. In fact, the 
importance of VI in the primary is reflected in the TMN clas- 
sification. The impact of tumor histology on future relapse 
remains controversial, but most authors have suggested that 
a pure or predominant EC component also is more likely to 
metastasize. !3°-141 

Large tumor size and rete testis invasion, but not lym- 
phovascular invasion, have been considered pathologic 
risk factors for relapse in stage I seminoma by some, 
although the significance of rete testis invasion remains 
controversial.'* 


SEX CORD—STROMAL (GONAD 


STROMAL) 


TUMORS OF THE TESTIS 


Sex cord—stromal (gonadal stromal) tumors are rare, com- 
prising approximately 4% of testicular neoplasms and 
almost 8% of tumors arising in prepubertal males.°°°!”” 


Box 12-11 STAGE 1 MIXED GERM CELL 


TUMORS 


e Twenty-five percent will relapse 

e Morphologic predictors of relapse include percent of 
embryonal carcinoma and vascular invasion (VI) 

e The presence of VI defines the tumor as pathologic stage 
2 (pT2) disease, even if organ-confined 

e Tumor extension into rete testis, hilar soft tissue and/or 
adnexa do not influence pathologic stage or relapse rate 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


786 


Box 12-12 © SEX CORD-STROMAL TUMORS 


e Constitute 4% of adult-onset and 8% of prepubertal 
testicular tumors 

e Possible cells of origin include Leydig, Sertoli, granulosa, 
and theca cells 

e Different to what is seen in the ovary, mixed cell types 
are rare 

e Morphologic prognostic factors include size, mitotic rate, 
necrosis, cellular atypia, infiltrative borders, and vascular 
invasion 

e Irrespective of cell type, tumors may express inhibin, 
calretinin, CD99, WT1, and/or SF-1 


Urological Pathology 


Similar tumors may arise in the female gonads. The term 
refers to neoplasms containing Leydig (interstitial) cells, 
Sertoli cells, granulosa cells, or theca cells (Box 12-12). 

While tumors may be made up of one or a combination 
of these cell types in varying degrees of differentiation, 
mixed histologic types are common in the ovary but rarely 
occur in the male gonad. The terminology used to describe 
these tumors is confusing and controversial but it is best to 
adhere to the classification set forth by the World Health 
Organization (Table 12-2). 


LEYDIG (INTERSTITIAL) CELL TUMOR 


Leydig cell tumors (LCTs) are the most common pure tes- 
ticular sex cord—stromal neoplasm and account for 1% to 
3% of testicular neoplasms. They may occur at any age, 
though most common between the third and sixth decades of 
life.?°8°!78-189 Fifteen to twenty percent of cases will present 
in prepubertal children. Approximately 10% will metasta- 
size with metastasis more commonly seen in older patients. 
LCTs usually arise in normally descended testes although 
they have been described in cryptorchid gonads as well as in 
testes that have undergone orchiopexy. Only three cases have 
been reported in patients with Klinefelter syndrome. 

Most, if not all, children with LCT present with isosexual 
precocity, which is characterized by deepening of the voice, 
appearance of body hair, penile enlargement, and advanced 
bone age.'’’ Often these physical changes are accompanied 
by excessive aggression or shyness. LCT must be consid- 
ered in the differential diagnosis in all prepubertal patients 
with a testicular mass and precocious puberty. Painless tes- 
ticular swelling is the most common manifestation in adults, 
followed by bilateral gynecomastia. It is not unusual for 
gynecomastia to precede the appearance of a testicular mass 
and in 15% of cases, the former being the only complaint 
at initial presentation. Approximately 25% of patients with 
gynecomastia experience a decrease in potency or libido. 
Given the low incidence of these tumors, endocrinologic 
studies are limited and incomplete. Prepubertal patients will 
usually have elevated serum testosterone as well as elevated 
urinary 17-ketosteroids. In adults, elevated estrogen levels 


Figure 12-72 EŒ LCT gross. The mass is heterogeneous and 
replaces most of the testicular parenchyma. 


have been documented in patients with, as well as without, 
gynecomastia. Testosterone levels may be low or normal in 
patients with gynecomastia, associated with high levels of 
serum estradiol. 


Gross Features 


LCTs are well circumscribed and solid or lobulated in 
appearance (Fig. 12-72). They are yellow-tan or brown- 
gray with macroscopic evidence of hemorrhage or necrosis 
seen in up to 25% of cases. Extension outside the testicular 
parenchyma is rarely encountered. 


Microscopic Features 


LCTs usually exhibit a solid or nodular pattern of growth 
although fibrous septa may give them a pseudofollicular, 
tubular, or trabecular appearance (Fig. 12-73A and B). The 
cells are large and polyclonal with abundant eosinophilic 
cytoplasm. Less frequently, the cytoplasm may be clear or 
vacuolated due to the presence of lipid.'*'"'** Nuclei are round 
or vesicular with delicate chromatin and a single prominent 
nucleolus. Spindle cells with abundant eosinophilic cytoplasm 
may predominate in some cases (Fig. 12-74). Rarely the tumor 
cells can take on a microcystic appearance, mimicking YST 
(Fig. 12-75). Crystalloids of Reinke are pathognomonic but 
seen in <40%, even with the assistance of electron micros- 
copy. On light microscopy, they appear as densely eosinophilic 
needle-like or rhomboid structures within the cytoplasm. 


Immunohistochemical Features 


LCTs are immunoreactive for inhibin, melan A, calretinin, 
WTI and vimentin (Fig. 12-73A). Cytokeratins and 
S-100 protein are either negative or only focally positive. 
CD30, CD117, Oct3/4, and PLAP are negative’®!*4189187 
(Table 12-3). Steriogenic factor 1 (SF-1) is a nuclear tran- 
scription factor expressed in testicular Sertoli cells as well as 
sex cord—stromal cells.'** It is expressed in a high percentage 
of sex cord—stromal tumors of all types and is useful in the 
differential diagnosis of other tumor types. 
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Figure 12-73 E A: Leydig cell tumor. In this tumor, the cells are arranged in solid sheets with abundant eosinophilic cytoplasm; 
round-to-oval nuclei with occasional prominent nucleoli. Inset shows diffuse cytoplasmic staining for inhibin. B: Leydig cell tumor. The 
cells are arranged in solid sheets interlaced by a delicate vascular network. Areas of fibrosis may be seen within and surrounding the tumor. 
At this magnification we can easily observe the classic cytology that includes abundant eosinophilic cytoplasm, round-to-oval nuclei with 
occasional prominent nucleoli. 


It is difficult to determine histologically those tumors that 
will metastasize. Kim et al.'’’ reported their experience with 
40 cases as well as reviewed the literature and postulated 
that older age at presentation, tumors larger than 5 cm as 
well as those with infiltrative margins, VI, nuclear atypia, 
or increased mitotic rate were associated with aggressive 
behavior (Fig. 12-76). The presence of four or more of 
these features is strongly correlated with disease progres- 
sion. Interestingly, none of the malignant cases presented 
with endocrine manifestations or occurred in prepubertal 
children. Cheville et al.!® confirmed these findings but also 
found that malignant LCTs were more likely to have a high 
proliferation rate and to be nondiploid. Unless metastatic 
disease has been documented at the time of orchiectomy, 
we do not make a primary diagnosis of malignant LCT. Our 
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Figure 12-74 Œ LCT with spindle and microcystic features. 


Vs 


practice is to report all gross and microscopic features that 
have been found to be associated with a greater risk of pro- 
gression. Based on the numbers of adverse features found, 
we add a statement stating whether the lesion is at high risk 
or low risk of malignant behavior. 

Most series suggest that 90% of cases behave in a benign 
fashion with radical orchiectomy being curative. Once meta- 
static disease occurs the prognosis is poor. The most com- 
mon metastatic sites are retroperitoneal and inguinal lymph 
nodes followed by the lungs and liver. Effective systemic 
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Figure 12-75 WŒ LCT with microcystic features. In the 
microcystic areas, the tumor cells are elongated and flattened rather 
than round and associated with myxoid stroma. A tumor like this 
could be mistaken for YST. If necessary, immunohistochemis- 
try could easily solve this diagnostic dilemma since LCT would 
be expected to be positive for inhibin, calretinin, and/or WT1 but 
negative for SALL4 and glypican 3. 
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Figure 12-76 W Malignant LCT. Notice the degree of 
nuclear pleomorphism and mitotic activity. This patient presented 


with metastatic disease and subsequently died. 
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therapy for metastatic disease is lacking, so surgery remains 
the most effective treatment to achieve cure. Consequently, 
it is common for patients with increased risk for progression 
or with limited metastatic disease to the retroperitoneum to 
undergo a RPLND. 


Differential Diagnosis 


LCT must be distinguished from Leydig cell hyperplasia 
or nodular aggregates of Leydig cells that occur in atrophic 
testes (including patients with Klinefelter syndrome) and in 
testicular parenchyma adjacent to germ cell neoplasia. Here 
Leydig cells infiltrate between seminiferous tubules without 
displacing or obliterating them. It is common practice to 
consider any Leydig cell nodule measuring 5 mm or greater 
as a neoplasm, but we believe this rule is arbitrary and often 
incorrect, depending on other features. If the adjacent testic- 
ular parenchyma is atrophic and multiple foci of Leydig cell 
hyperplasia are evident, the presence of one or more nodules 
measuring 5 mm or slightly more should not trigger a diag- 
nosis of “tumor.” The lesion should be clearly described in 
the pathology report, and a suggestion should be made to the 
clinician for establishing a medical reason for the findings of 
Leydig cell hyperplasia. 

LCT must also be distinguished from other sex cord— 
stromal tumors, especially when the former exhibits a cord- 
like or tubular pattern, which may mimic a SCT. Secondary 
lesions such as lymphoma, malignant melanoma, and poorly 
differentiated carcinoma may also enter in the differen- 
tial diagnosis. LCT with microcystic features and myxoid 
stroma may be confused with YSTs.'*' Similarly, one must 
not confuse LCT with malakoplakia. 

A lesion that must not be confused with LCT is that 
which occurs in association with congenital adrenal hyper- 
plasia (CAH, tumor of the adrenogenital syndrome). 
CAH is due to a defect of any one of five enzymatic steps 
involved in steroid synthesis (Box 12-13). 


Box 12-13 @ TUMOR OF THE ADRENOGENITAL 


SYNDROME 


e Autosomal dominant defect in steroid synthesis 

e Lesion may be single or multiple and located within the 
testicular parenchyma, adnexa, or cord 

e Tumor cytology may be confused with Leydig cell tumor 

e Characterized by dense (keloid-like) bands of fibrous 
tissue 


This disorder is an inborn error of metabolism, has an 
autosomal recessive mode of inheritance, and is the most 
common cause of ambiguous genitalia in infants. Ninety to 
ninety-five percent of cases are due to 21-hydroxylase defi- 
ciency. A small percentage may be due to | 1-B-hydroxylase, 
3-B-hydroxysteroid, 17-a-hydroxylase, or cholesterol des- 
molase deficiency. 

Persistent stimulation of adrenal cortical tissue by ACTH 
may give rise not only to hyperplasia, but rarely to adrenal cor- 
tical neoplasia (both adenomas and carcinomas). Heterotopic 
or accessory adrenal cortical tissue can also become hyper- 
plastic and enlarged. A testicular “tumor” of adrenal cortical 
type is defined as a tumefactive lesion of uncertain histogen- 
esis in the setting of CAH, which histologically resembles 
hyperplastic adrenal cortical cells stimulated by ACTH and 
in which endocrinologic evaluation may reveal ACTH depen- 
dency. These tumors are thought to arise from primordial 
rests within the testicular hilum. These rests are a collection 
of cells morphologically resembling Leydig cells and found 
in a large proportion of cases of well-studied CAH. Nodules 
of these cells may be clinically undetectable or demonstrated 
only through testicular ultrasound. Larger “tumors” are usu- 
ally associated to undiagnosed cases of CAH or with patients 
who have demonstrated poor compliance with their treatment. 

Testicular “tumors” in CAH usually occur in early adult 
life (average age of 22.5 years). Smaller tumors are seen in 
younger patients, typically located in the hilum of the testis. 
In adults, the lesions may measure up to 10.0 cm. Eighty- 
three percent of tumors are bilateral. In contrast, LCTs are 
bilateral in 3% or less of cases. The lesions are unencapsu- 
lated and are light tan-brown in color due to the absence of 
lipids and the presence of cytoplasmic lipochrome pigment. 
They are usually lobulated as a result of the presence of 
prominent bands of fibrous connective tissue. Occasionally, 
multiple extra testicular nodules measuring up to 1.5 cm in 
diameter have been described along the spermatic cord or 
adjacent to the epididymis. Microscopically, there are sheets 
and nests of cells with abundant granular cytoplasm and 
relatively distinct cell borders. Nuclei are uniform, round to 
oval with one or two prominent small nucleoli (Figs. 12-77 
and 12-78). Many of the tumor cells contain lipochrome pig- 
ment (lipofuscin). Mitoses are very uncommon. Invariably 
dense bands of deeply eosinophilic fibrous tissue intersect 
between the nests of tumor cells, a distinguishing feature 
that we have observed even on biopsy material (Fig. 12-77). 
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FIGURE 
While the tumor cells may resemble those seen in LCT, the 
bands of densely eosinophilic (keloid-like) fibrous tissue are very 
characteristic. 


As you might imagine from the microscopic description, 
there is great resemblance to Leydig cells. Indeed, LCT is 
the most common diagnosis made in these cases, a situa- 
tion exacerbated by the fact that these tumors are also immu- 
noreactive for inhibin and calretinin. Reinke crystals have 
not been described in tumors of CAH; however, are seen in 
up to 40% of LCT. Ultrastructurally, the cells have features 
of steroid producing cells with abundant smooth endoplas- 
mic reticulum, numerous mitochondria, and accumulation 
of lipofuscin. The mitochondrial cristae may be lamellar or 
have a vesicular profile. 

Another lesion that must be considered in the differ- 
ential diagnosis is large cell calcifying Sertoli cell tumor 
(LCCSCT), an entity that is more thoroughly described in the 
section on SCT and its variants. Briefly, these tumors are usu- 
ally <5 cm in size and microscopically are characterized by 
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Figure 12-78 E Tumor of the adrenogenital syndrome. 


Tumor cells with endocrine-type atypia are present, as well as the 
characteristic densely eosinophilic (keloid-like) fibrous bands. 
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large polygonal cells with abundant eosinophilic cytoplasm, 
similar to Leydig cells, but arranged in sheets, nests, and 
cords embedded in a fibrous or myxoid stroma. Fifty per- 
cent of cases are associated with the presence of tumor cells 
within seminiferous. Variably sized stromal calcifications are 
a hallmark of this type of tumor, although they may be rare 
in selected cases. The tumor has a strong association with 
Carney syndrome, and up to a third of tumors are bilateral. 
These tumors cannot be distinguished from LCTs by immu- 
nohistochemistry. Additional details on LCCSCT are pro- 
vided below. 


Sertoli Cell Tumor, Not Otherwise Specified 


SCTs are rare, comprising <1% of testicular neo- 
plasms.?%:86179-191192 They were first described in the testis by 
Teilum who recognized their histologic similarity to SCTs 
of the canine testis. They may occur at any age and approxi- 
mately 15% develop in children but rarely before the age of 
10 years.'”’ Patients characteristically present with a pain- 
less mass in a normally descended testis. Gynecomastia is 
evident in one-third of patients. Hormonal alterations in 
patients with SCT have been poorly documented; however, 
SCT should be in the differential diagnosis of prepubertal 
patients presenting with a testicular mass and gynecomastia. 
Three cases have been reported in boys with Peutz-Jeghers 
syndrome.'*? SCTs are usually benign, but about 10% behave 
in a malignant fashion. 

Metastases will occur in approximately 10% of SCT.!°?.!%4 
Metastases are usually to inguinal or retroperitoneal lymph 
nodes, although skin and pulmonary involvement have been 
reported. Due to the rarity of this tumor, histologic crite- 
ria associated with malignant behavior may be unreliable. 
While the presence of metastasis remains as the best indica- 
tor of malignancy, large tumor size (>5 cm), VI, mitotic rate 
of >5/10 high-power fields, and solid and spindle cell archi- 
tecture have been associated with disease progression." 


Gross Features 


SCTs are well circumscribed, solid, and yellow-white or tan. 
The lesions may be lobulated and may contain small areas 
of hemorrhage. They are usually unilateral except in patients 
with Peutz-Jeghers syndrome. 


Microscopic Features 


Microscopic examination reveals mostly tubules but also 
cords, nests, and masses of tumor cells in a fibrous stroma 
(Fig. 12-79A and B). The tubules and cord-like structures 
vary in size and shape. The tubules may be round and hol- 
low, solid, or elongated or may have a retiform pattern 
(Fig. 12-80). Some tumors may exhibit a predominant 
solid growth pattern (Fig. 12-81). A morphologic variant 
called sclerosing Sertoli cell tumor is characterized by 
the presence of prominent stromal sclerosis throughout 
the lesion although the growth pattern characteristics of 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


Urological Pathology 


cytoplasm. Many of the tumor cells are vacuolated, a feature that may be seen in this and other steroid-producing tumors. B: Sertoli cell 
tumor. A tubular pattern predominates. The tumor cells have finely stippled chromatin as well as occasional micronucleoli. The amount of 
cytoplasm is moderate, amphophilic, and reticulated. 


the tumor cells remain the same!” (Fig. 12-82). The clini- 
cal significance of this finding is uncertain. The sclerosing 
variant of SCT may be confused with adenomatoid tumor 
superficially although the former usually within the testicu- 
lar parenchyma does not exhibit the degree of cytoplasmic 
vacuolization and sieve-like growth pattern seen in adeno- 
matoid tumor, and is immunoreactive for sex cord rather 
than mesothelial markers. 

The neoplastic cells usually have moderate amounts of 
pale or eosinophilic cytoplasm. Occasionally they contain 
abundant intracytoplasmic lipid giving them a clear or vacu- 
olated appearance (Fig. 12-83). Most tumors have bland cyto- 
logic features with the cells exhibiting a vesicular nucleus 
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Figure 12-80 
in cords. The intervening stroma is minimal. While there is some 
similarity to what can be seen in the tubular variant of seminoma 
(compare to image 17b), the nuclear features are quite different in 
these entities. 


and a prominent central nucleolus. Pleomorphism may be 
evident in less differentiated tumors and a frankly malignant 
spindle cell component may be rarely encountered, even 
with heterologous differentiation. Electron microscopy may 
reveal Charcott-Béttcher filaments within the cytoplasm, 
which are characteristic of Sertoli cells. 


Immunohistochemical Features 


SCT are immunoreactive for vimentin, and staining for 
cytokeratin, inhibin and calretinin is variable!**!8°!” 
(Table 12-3). Cytokeratins and EMA are more likely to be 
expressed in LCT than in other types of sex cord—stromal 
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Figure 12-81 E SCT witha solid pattern of growth. Notice 
the presence of focal cytoplasmic clearing that could make a tumor 
such as this mistaken with seminoma. However, the presence of 
round-to-oval nuclei with finely stippled chromatin and micronu- 
cleoli seen in this image is not what is seen in seminoma. 
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tumor cells with a moderate amount of clear to amphophilic cyto- 
plasm are surrounded by abundant dense fibrous tissue. 


tumors. Because they can coexpress calretinin, this marker 
cannot be used in isolation to differentiate them from adeno- 
matoid tumor or mesothelioma. Markers typically seen in 
GCT are negative.*° 


Differential Diagnosis 


The classification of SCT should be reserved for tumors com- 
posed entirely of Sertoli cells. Those neoplasms composed 
only partially of these cells should be classified as mixed or 
incompletely differentiated sex cord—stromal tumors. SCT 
must be distinguished from nonneoplastic, hyperplastic nod- 
ules of seminiferous tubules lined by Sertoli cells. These 
Sertoli cell nodules were previously mistakenly referred to 
as adenomas (Pick adenoma) (Fig. 12-84). They may con- 
tain central hyaline material resembling Call-Exner bodies 
or laminated calcifications. The nodules are usually small 
and are most frequently encountered in cryptorchid testes, in 
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Figure 12-83 E SCT with cytoplasmic vacuolization. The 
classic nuclear features seen in SCT are retained. 


immature and arranged around nodules of basement membrane— 
type material; similar to what is seen in gonadoblastoma. When seen 
adjacent to GCTs, this finding is thought to be evidence of dysgen- 
esis. On occasion, it can be involved by IGCNU (see Fig. 12.9A). 
The adjacent tubules contain mature-appearing Sertoli cells. 


atrophic scrotal testes, or adjacent to GCTs. In this setting, it 
is regarded by some as a sign of testicular dysgenesis, partic- 
ularly when the Sertoli cells are immature (Fig. 12-9). SCT 
with a diffuse growth pattern and cytoplasmic eosinophilia 
may be confused with LCT. Immunohistochemistry may not 
aid in this differential diagnosis although Sertoli cell tumor 
is more likely to exhibit significant cytokeratin and EMA 
immunoreactivity. SCTs with clear cell features and diffuse 
growth pattern can easily be confused with seminoma 
(Fig. 12-81). The absence of intratubular germ cell neopla- 
sia in the former and immunohistochemistry should help in 
arriving at the correct diagnosis. 


Large Cell Calcifying Sertoli Cell Tumor 


In 1980, Proppe and Scully described a subtype of SCT that they 
called large cell calcifying Sertoli cell tumor (LCCSCT).!°"" It 
usually presents during the first three decades of life although 
cases in older males have been described. While patients may 
present exclusively with a testicular mass, given its strong asso- 
ciation with Carney syndrome, their initial symptomatology 
could be related to other conditions such as pituitary adeno- 
mas, bilateral adrenocortical hyperplasia, cardiac myxomas, or 
other sex cord—stromal tumors. Besides gynecomastia and sex- 
ual precocity, other unusual associations have been described, 
including acromegaly, mucocutaneous pigmentation, sudden 
death, and Peutz-Jeghers syndrome. Approximately one-third 
of LCCSCTs are bilateral, and some will metastasize.'°* These 
tumors are usually <5 cm in size and microscopically are 
characterized by large polygonal cells with abundant eosino- 
philic cytoplasm arranged in sheets, nests and cords embed- 
ded in a fibrous or myxoid stroma (Fig. 12-85A and B). Tumor 
cells within seminiferous tubules are present in 50% of cases. 
Microcalcifications are usually abundant in the form of variably 
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tions. Inset reveals diffuse cytoplasmic immunoreactivity for inhibin. B: Large cell calcifying SCT. The tumor cells have abundant eosino- 
philic cytoplasm, round-to-vesicular nuclei with occasional nucleoli. Despite the cytologic similarity to LCT, notice the association with 
a myxoid stroma and microcalcifications. 


sized basophilic, laminated calcific bodies. Ossification may 
also be present. A large series reported a metastatic rate of 
almost 20%, invariably in older and nonsyndromic patients. "°! 
LCCSCT has an immunophenotype that is virtually identical to 
other SCTs (Figs. 12-85A and 12-86). Aggressive tumors are 
more likely to be large (>4 cm) and have VI, cytologic atypia, 
and necrosis. LCCSCTs are often mistaken for LCT, but the 
abundant calcifications, frequent intratubular growth, absence 
of Reinke crystals, and unusual clinical associations should 
direct us toward the correct diagnosis (Box 12-14). 


Granulosa Cell Tumor 


There are two subtypes of granulosa cell tumor, adult and 
juvenile, similar to what is seen in the ovary. The adult vari- 
ant of granulosa cell tumor very rarely develops in the testis 


Figure 12-86 E Large cell calcifying Sertoli cell tumor. 


Abundant laminated calcifications are present while the tumor cells are 
less apparent. Inset demonstrates nuclear immunoreactivity for WT1. 


with <30 bona fide cases reported in the literature. !7°180.200-202 
They have been described in males between the ages of 
21 and 73 years and usually present as a testicular mass 
that may have been present for several years. Up to 20% of 
cases may be associated with gynecomastia and, as such, 
urinary estrogen levels may be elevated. The tumors mea- 
sure between | and 13 cm in greatest diameter. Grossly, the 
tumors are homogeneous or lobulated, yellow or yellow-tan 
and well circumscribed. Microscopically, the neoplastic cells 
are arranged in micro- or macrofollicular, solid, trabecular, 
insular, and gyriform patterns. Microfollicular pattern is the 
most common and is more likely to be associated with Call- 
Exner bodies (Fig. 12-87). The cells have scanty cytoplasm 
and pale, oval to elongated nuclei with longitudinal grooves. 
Metastases are rare.” Features associated with malignant 
behavior, as with other sex cord—stromal tumors, include, 
large size, mitotic activity above four per HPF, necrosis, 
and lymphovascular invasion. For this reason, these features 
must be included in the pathology report. 

Juvenile granulosa cell tumors are the most common sex 
cord—stromal tumor of the infantile testis.2°°?° They are 
usually encountered in the first 6 months of life, with one 
isolated case reported in a 21-month-old and another in a 
4-year-old.” Two cases developed in undescended testes. 
Juvenile granulosa cell tumors may arise in patients with an 


Box 12-14 © LARGE CELL CALCIFYING 
SERTOLI CELL TUMOR 


Up to 50% are associated with Carney syndrome 
Tumor cytology may be confused with Leydig cell tumor 
Tumor associated with myxoid stroma and calcifications 
Up to 50% of cases exhibit tumor cells within seminifer- 
ous tubules 
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cells are elongated with inconspicuous nucleoli and occasional lon- 
gitudinal nuclear grooves. 


abnormal karyotype and ambiguous genitalia. Tumors may 
be solid, cystic, or both, and the cysts frequently contain 
a gelatinous material. Microscopically, the tumor exhibits 
either a follicular or solid pattern of growth (Fig. 12-88). 
The follicles vary greatly in size and typically contain 
eosinophilic fluid that is mucicarmine and PAS positive 
(Fig. 12-89). The cells lining the cysts are said to be follicu- 
lar cells and have a modest amount of cytoplasm with round 
to oval nuclei. Grooves are not present. In the solid areas the 
cells are arranged in sheets, sometimes embedded in a loose, 
myxoid or hyalinizes stroma. These cells are characterized 
by a moderate to large amount of eosinophilic cytoplasm 
and round to irregular hyperchromatic nuclei. Although 
mitoses may be plentiful, no testicular tumor of this type 
has metastasized.*°"” 


magnification shows solid and fluid-filled cystic components, the 
latter of variable size. A solid area reveals the presence of a micro- 
cyst containing basophilic or eosinophilic fluid. 
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Figure 12-89 W Juvenile granulosa cell tumor. A solid area 
reveals the presence of microcysts containing basophilic or eosino- 
philic fluid. Inset shows the cyst fluid to be mucicarmine positive. 


Both subtypes of granulosa cell tumor are usually 
immunoreactive for inhibin. Cytokeratins may be focally posi- 
tive in the adult type while the cells lining the follicles of juve- 
nile granulosa cell tumors are likely to express cytokeratins. 


Tumors of the Fibroma—Thecoma Group 


These tumors very rarely occur in the testis, but, when 
they do, they resemble their ovarian counterparts?®86208 
(Fig. 12-90). Mean age at presentation is 30 years, and, 
to this date, all cases have had a benign outcome. Similar 
to ovarian tumors, they are immunoreactive for estrogen/ 
progesterone receptors as well as inhibin and calretinin. 
The lesion may be difficult to differentiate from an other- 
wise unclassified spindle cell sex cord—stromal tumor. The 
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ant, the plump fusiform cells are arranged in fascicles. Inset 
exhibits diffuse nuclear immunoreactivity for estrogen receptor. 
Immunoreactivity for steroid receptors (ER/PR) may be helpful in 
establishing the correct diagnosis. 
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morphologic criteria we have used in this setting include the 
presence of more sparse cellularity in the fibroma—thecoma 
tumors, together with zones of variable cellularity, typical 
fibrous-looking cells, and estrogen/progesterone expression. 
Obviously, transitions to more typical sex cord—stromal 
components are lacking. 


Sex Cord—Gonadal Stromal Tumors, Mixed or 
peop ney Differentiated (Undifferentiated) 
orms 


As you might expect, these two categories include tumors 
with more than one identifiable sex cord—stromal element 
as well as tumors in which the exact gonadal stromal cell 
of origin cannot be established with certainty.*°*§??!° Truly 
mixed sex cord—stromal cell tumors of the testis are rare, 
unlike what has been described in the ovary. The term unclas- 
sified sex cord—stromal tumor is used when the lesions lacks 
morphologic evidence of differentiation toward a specific 
type of differentiation but is deemed to belong to the gonadal 
stromal category (Fig. 12-91). However, there should be at 
least focal expression of one or more of the sex cord tumor- 
related antigens by immunohistochemistry (Table 12-3). 
We recently encountered a case that was composed pre- 
dominantly of spindle cells and microcysts reminiscent of 
microcystic stromal tumor of the ovary, including strong and 
diffuse expression of B-catenin. They can exhibit a dominant 
spindle cell morphology or be associated with epithelial 
foci, either well or poorly differentiated. These neoplasms 
may occur at any age although more than half of the patients 
are either children or infants. Painless testicular enlargement 
is the most common presenting symptom, which is infre- 
quently associated with gynecomastia. Approximately 30% 
of tumors presenting in patients older than 10 years of age 
are malignant while tumors presenting in younger patients 
follow a benign course. 
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FiGuURE 12-91 E Sex cord-stromal tumor, unclassified. The 
tumor cells are mostly spindled. Infiltration around seminiferous 
tubules is evident. The tumor cells were immunoreactive for inhibin. 


Tumors Containing Both Sex Cord-Stromal and 
Germ Cell Elements 


Gonadoblastoma 


Gonadoblastomas are rare neoplasms composed of sex 
cord-stromal elements intimately admixed with germ 
cells.°°??!! These tumors generally arise in chromosomally 
abnormal individuals with dysgenetic gonads; 80% of cases 
occur in phenotypic females. Most patients are negative for 
sex chromatin associated with karyotypes 46, XY or mosa- 
icism of 45, XO/46, XY.?2!3 Patients usually present with 
cryptorchidism, hypospadia, and internal female genitalia, 
although two cases have been reported arising in a scrotal 
testis. The gonads have features of mixed gonadal dysgen- 
esis. Most patients are younger than 20 years of age and one 
third of cases are bilateral. Up to 60% of patients develop 
an invasive GCT, which is usually seminoma (50%) but may 
be YST or EC (10%). Metastasis from the associated GCT 
may occur.”!4 

The tumors may be microscopic but, when visible, they are 
tan to yellow-brown. The microscopic appearance is distinctive 
and consists of tumor nests surrounded by connective tissue, 
which can exhibit features of ovarian-like stroma. The nests 
contain germ cells with clear cytoplasm, irregular nuclear con- 
tours, coarse chromatin, and prominent nucleoli, identical to 
intratubular germ cell neoplasia (Fig. 12-92). They are immu- 
noreactive for CD117, PLAP, and Oct4.?'5?!° The sex cord ele- 
ments resemble immature Sertoli cells and are immunoreactive 
for inhibin. The nests may contain hyalinized eosinophilic 
deposits of basement membrane—like material, resembling 
Call-Exner bodies. Calcifications are common; the presence 
of an associated invasive GCT may efface the foci of gonado- 
blastoma. The prognosis of patients with gonadoblastoma is 
excellent with tumor-related morbidity usually dependent on 
the presence and extent of the associated GCT component. 
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Figure 12-92 WŒ Gonadoblastoma. The nests of tumor con- 
tain a mixture of immature Sertoli cells and germinal cells, includ- 
ing intratubular germ cell neoplasia. 
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germ cells. The gonadal stromal component is undifferentiated 
while the entrapped germinal cells lack malignant features, bringing 
to mind spermatogonia. Inset demonstrates that both components 
lack immunoreactivity for Oct4. The lack of immunoreactivity for 
Oct4, SALL4, and podoplanin confirms that the germinal compo- 
nent is not seminoma (arrows). 


Germ Cell/Sex Cord—Gonadal Stromal Tumor, 
Unclassified 


This is a controversial entity that is also composed of an 
admixture of germ cells and sex cord—stromal elements 
but which occurs in phenotypically and genotypically nor- 
mal males.**!°!7!77!8 To date, there have been no endocrine 
abnormalities described with this lesion. The tumor may be 
large, measuring up to 12 cm in diameter. It is usually solid, 
gray-white, and well circumscribed. Microscopic examina- 
tion reveals an admixture of germ cells and sex cord-stro- 
mal elements not arranged in nests, but instead, having a 
trabecular, tubular, or haphazard infiltrative pattern (Fig. 
12-93). In our opinion, these tumors are likely to represent 
sex cord-stromal tumors with entrapped germ cells rather 
than true mixed tumors, an opinion that is supported by data 
showing that the germ cell component lacks immunoreactiv- 
ity for PLAP and CD117.?'° Two cases we have seen recently 
also lack immunoreactivity for Oct4, further supporting this 
hypothesis. In fact, the cytologic features and immunophe- 
notype is identical to spermatogonia. 

Of course there is always the possibility of a true collision 
tumor.!®° We have seen a case of SCT associated with intra- 
tubular germ cell neoplasia and minimal invasive seminoma. 


MISCELLANEOUS TUMORS 


Lymphoma and Leukemia 


Malignant lymphoma represents up to 5% of testicular neo- 
plasms. It is the most common bilateral tumor (either synchro- 
nous or metachronous) and the most common testicular tumor 
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FIGURE 
white-tan, and exhibits areas of hemorrhage and necrosis. Grossly 
this tumor is virtually impossible to differentiate from seminoma. 


12-94 E Lymphoma gross. The tumor is fleshy, 


in men above the age of 60.?!°?”° The majority of patients have 
localized disease but in a third of cases testicular involvement 
is part of either regional or systemic disease.”!?”” Survival 
is dependent on the type of lymphoma, associated sclerosis, 
and clinical stage, with recent publications reporting improv- 
ing survival statistics, probably due to earlier diagnosis and 
better therapy. To accept a lymphoma as primary in the testis, 
imaging studies, peripheral blood, and bone marrow assess- 
ment must document that disease is limited to this site; even 
bilateral disease and/or limited retroperitoneal lymph node 
involvement (clinical stage II disease) should call testicular 
origin into question, even though it may be associated with 
better outcome that more advanced disease. 

Grossly, the testicular parenchyma is replaced by a 
single or multiple fleshy, tan and homogeneous mass, 
which may extend into the adnexal structures (Fig. 12-94). 
Involvement of adnexal and peritesticular soft tissue 
is more common than in the cases of germ cell and sex 
cord—stromal tumors. On microscopy the tumor cells can 
efface the testicular parenchyma although an interstitial 
pattern of infiltration sparing the seminiferous tubules is 
common (Fig. 12-95A and B). It is important to note that 
tumor cells may be present within seminiferous tubules, 
superficially mimicking intratubular germ cell neoplasia 
(Fig. 12-95B). 

The majority of lymphomas that involve the testis are 
of diffuse large cell type with most having a B-cell pheno- 
type. Rare cases of anaplastic large cell, T cell, natural killer 
cell, MALT, and Hodgkin disease have been described.?%?4 
Lymphoblastic T-cell lymphoma is more common in chil- 
dren and young adults (Fig. 12-96). 

Lymphomas will express hematopoietic markers in 
accordance with its line of differentiation. They will not 
express cytokeratin or PLAP. We have seen a single large 
cell lymphoma with focal nuclear immunoreactivity for 
Oct4 (Fig. 12-34), but other GCT markers were negative 
while CD20 was positive. It is worth remembering that 
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Figure 12-95 E A: Malignant lymphoma. At low-power magnification, there is a dense tumor infiltrate surrounding seminiferous 
tubules. B: Malignant lymphoma. An immunohistochemical stain for CD20 highlights the presence of tumor cells within the seminiferous 


tubules, which may mimic IGCNU (also see Fig. 12-34.) 


anaplastic large cell lymphoma is likely to express CD30, 
similar to EC. 

Primary leukemic tumors (granulocytic/myeloid sar- 
coma) of the testis are very rare.” Leukemic infiltration 
of the testis is most commonly seen on biopsy speci- 
mens in patents being evaluated for relapse after systemic 
therapy.” However, it may be seen at autopsy in up to 
65% and 30% of patients with acute leukemia and chronic 
leukemia, respectively. Symptomatic enlargement of the 
gonad is encountered in 5% of cases. On microscopy, leu- 
kemic cells infiltrate between the seminiferous tubules and 
rarely extend into the seminiferous tubule itself. Marker 
expression will include MPO, lysozyme, CD68, and C-kit 
although the precise expression pattern will depend on the 
precise cell lineage. Common germ cell markers will be 
negative. 


testis of a child. Tumor cells surround seminiferous tubules. 


Plasma Cell Neoplasms 


Involvement of the testis by multiple myeloma is rare and 
usually found at autopsy.'”! Rare cases of localized testicular 
plasmacytoma have been described but it is more likely to 
be an early manifestation of regional or systemic disease.”*” 
Mean age at presentation is in the sixth decade and up to a 
third of cases are bilateral. The tumor cells can involve the 
testis in an interstitial pattern of diffusely with effacement of 
the testicular parenchyma. 

The differential diagnosis of testicular lymphoma, leuke- 
mia, and plasma cell neoplasms includes orchitis, seminoma, 
and SS. Lymphomas characteristically have a diffuse intersti- 
tial growth pattern but a similar pattern can be encountered 
in some seminoma. Peritumoral stromal sclerosis is also 
more common in association with hematopoietic neoplasms 
but can be occasionally in other primary tumors such as sem- 
inoma. While intratubular growth can be seen in lympho- 
mas and many other primary and metastatic tumors, these 
cells are usually present free-floating in the lumen at all lev- 
els within the germinal epithelium. The classic perinuclear 
clearing seen in IGCNU is lacking. Rarely solid variants of 
EC and YST may enter the differential diagnosis since EC 
has nuclear cytology that is quite different to that seen in 
hematopoietic neoplasms and is rarely pure solid. Solid YSTs 
are also rarely pure; the nuclear and cytoplasmic features do 
not mimic what is seen in hematopoietic neoplasms. In cases 
of EC and YST, ICGNU should be present in adjacent semi- 
niferous tubules. Seminoma is associated with cytoplasmic 
clearing, centrally located nuclei that are round to rhomboid 
with coarsely stippled but evenly distributed chromatin and 
prominent nucleolus. The margination of nuclear chromatin 
and irregular nuclear contours seen in lymphomas is char- 
acteristically absent in seminomas. Orchitis is characterized 
by a mixed inflammatory infiltrate which may include acute 
inflammatory cells, mature plasma cells, and lymphocytes. 
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Metastatic tumors such as melanoma may be mistaken for 
a hematopoietic neoplasm although these rarely present as a 
testicular primary but rather are encountered in the setting of 
disseminated disease. In these cases, the cytoplasm is usually 
more eosinophilic or spindled, and at least some nuclei contain 
large eosinophilic nucleoli. Lack of expression of any hema- 
topoietic marker but rather expression markers documenting 
melanocytic differentiation may aid in the diagnosis, although a 
proper clinical history usually makes these stains unnecessary. 


MESENCHYMAL TUMORS OF THE TESTIS | 


Primary mesenchymal tumors of the testis are rare since these 
neoplasms are unlikely to arise within the testicular paren- 
chyma, but the parenchyma may be involved secondarily by 
tumors arising in the adjacent soft tissues. The possibility of a 
sex cord-stromal tumor with prominent spindle cell morphol- 
ogy should always be considered in the differential diagnosis, 
remembering that these tumors will express inhibin while other 
mesenchymal tumors will not. The possibility of metastatic dis- 
ease should always enter in the differential diagnosis. If primary 
in the testis, these tumors may be derived from stromal cells 
of the testicular instertitium. Benign examples documented in 
the literature include leiomyomas,”! neurofibromas,”? hem- 
angiomas,”™*+ and epithelioid hemangiomas.”***° Sarcomas 
reported in the literature include rhabdomyosarcoma,”*’** leio- 
myosarcoma,”” hemangioendothelioma,™ Kaposi sarcoma,” 
osteosarcoma, and chondrosarcoma.”” Care must be taken to 
search for the presence of intratubular germ cell neoplasia or 
other GCT components, particularly in young patients. We 
have observed several cases in which the dominant invasive 
tumor was sarcoma but other GCT components were present, 
thus fulfilling the criteria for GCT with secondary somatic 
malignancy, as described earlier in this chapter. 
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Box 12-15 METASTATIC TUMORS TO THE 


TESTIS 


e Lymphoma and melanoma are the most common nonepi- 
thelial tumors 

e Prostate, kidney, and colon are the most common epithe- 
lial tumors 

e Usually seen in advanced disease although rarely may be 
the initial site of metastasis 

e Tumor cells may be present within seminiferous tubules, 
mimicking IGCNU 

e Differential diagnosis will drive the immunohistochemical 
workup 


METASTATIC TUMORS | 


Metastasis to the testis from solid tumors is rare and usually 
presents in patients with known primary disease elsewhere 
and known metastatic disease.” 4 It is typically encoun- 
tered in patients beyond the age of 50 years (Box 12-15). 
The most common primary sites include prostate 
(Fig. 12-97A and B) and lung, followed by melanoma 
(Fig. 12-98) of the skin, colon, and kidney (Fig. 12-68 A—C). 
In children the most common tumors to metastasize to the 
testis include neuroblastoma and rhabdomyosarcoma.” 48 
Metastatic tumors are commonly bilateral, multifocal, and 
frequently exhibit VI. Good clinical history, and sometimes 
immunohistochemistry, will aid at arriving at the correct diag- 
nosis. Rarely will a metastatic tumor present as a testicular 
primary, and in these cases, it is important to remember that 
some of these tumors may mimic primary disease.*44*4?*>! 
Metastatic melanoma with clear cell features may mimic 
either seminoma or a sex cord—stromal tumor while metastatic 
renal cell carcinoma may mimic a sex cord—stromal tumor as 
well. A poorly differentiated carcinoma may simulate an EC. 


h 
no distinguishing features. B: Metastatic prostatic carcinoma to the testis. Tumor cells infiltrate the testicular parenchyma and are pres- 
ent within tubules. Inset demonstrates an immunohistochemical stain for PSA, which highlights the tumor cells within the seminiferous 
tubules. 
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FiGURE 12-98 E Metastatic melanoma to the testis. This 
tumor was mistaken for seminoma, for obvious reasons. Notice that 
tumor cells are present within a seminiferous tubule. 


We have seen two cases in which involvement of the testis by 
prostatic carcinoma was primarily intratubular and in both 
cases, a primary GCT was considered by the referring pathol- 
ogist. In difficult cases an immunohistochemical panel that 
includes a broad spectrum of entities may be required, but 


there is no substitute for a detailed clinical history. 
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Pathology of the Paratesticular Region 


HELEN MICHAEL and JOHN R. SRIGLEY 


INTRODUCTION | 


The paratesticular region is a relatively small anatomical 
compartment containing a disproportionately large number 
of anatomic structures. In addition to the testicular collect- 
ing system there are mesothelial and mesenchymal compo- 
nents representing extensions of the abdominal cavity and 
retroperitoneum. The epithelial, mesothelial, and connec- 
tive tissue elements give rise to a wide variety of pathologic 
conditions including an interesting array of neoplasms and 
tumor-like lesions. 


EMBRYOLOGY, ANATOMY, AND HISTOLOGY | 


Embryology 


The embryology of the testis and paratesticular region is 
complex and has been the topic of various monographs.!> 
The gonads are first evident as paired mesenchymal ridges 
between the dorsal mesentery and the mesonephric ridge 
at about 4 weeks’ gestation (Fig. 13-1). The coelomic epi- 
thelium that covers these mesenchymal ridges extends into 
the underlying mesenchyme to form the primitive sex cords. 
Germ cells are first seen in the embryonic yolk sac. They 
then migrate along the wall of the hindgut and the dorsal 
mesenteric root into the developing gonads by the 6th week 
of gestation (Fig. 13-2). The sex cords proliferate under the 
influence of the germ cells. Testicular tissue with primitive 
seminiferous tubules is detectable by the 7th week of gesta- 
tion. At about the same time, the primitive tunica albuginea 
forms as a layer of flattened cells around the gonad, and the 
primitive testis becomes separated from the overlying coelo- 
mic epithelium. 

In the hilum of the developing testis, the sex cords form 
a network of cellular strands that admix with mesonephric 
cells from the degenerating mesonephric tubule (Fig. 13-3). 
Both sex cords and the mesonephros are thought to contrib- 
ute to the formation of the rete testis. Hormones from the 
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embryonic testis are thought to stimulate the mesonephric 
duct to develop into the male genital tract collecting sys- 
tem and, at the same time, to suppress development of the 
paramesonephric duct. By the end of the 4th month of gesta- 
tion, the rete cords have merged with the epigenital tubules 
of the mesonephros, which form the efferent ductules and 
head of the epididymis (Fig. 13-4). The mesonephric duct 
develops into the epididymal body and tail and the vas def- 
erens. The caudal portion of the vas deferens joins with the 
seminal vesicles, which are also derived from the mesoneph- 
ric duct. The enlarging testis becomes separated from the 
degenerating mesonephros. 

The descent of the testis into the scrotum through the 
inguinal canal is complex and not totally understood.” At 
the same time that the mesonephros degenerates, a ligament 
called a gubernaculum descends from the lower pole of each 
gonad along each side of the abdomen, passing through the 
abdominal wall at the site of the future inguinal canal, and 
it attaches to the scrotal swelling. A peritoneal sac called 
the processus vaginalis develops bilaterally, ventral to the 
gubernaculum, and herniates through the abdominal wall 
along the pathway formed by the gubernaculum. The pro- 
cessus vaginalis carries with it extensions of the abdominal 
wall layers, thus forming the wall of the inguinal canal. The 
opening formed in the external oblique aponeurosis forms 
the superficial inguinal ring, and the defect in the transversa- 
lis fascia forms a deep inguinal ring. The external spermatic 
fascia is a thin membrane derived from the aponeurosis of 
the external oblique muscle at the outer abdominal ring. 
The cremasteric fascia originates from the lower border of 
the internal oblique muscle. The internal spermatic fascia is 
derived from the transversalis fascia. These layers become 
part of the spermatic cord and the wall of the scrotum. 

By about 7 months’ gestation, the testes are located distal 
to the deep inguinal ring, a change in position that is attrib- 
uted to growth of the trunk and pelvis of the embryo.” The 
gubernaculum does not grow after it is formed, and the exact 
process of testicular descent into the scrotum is not well 
understood. The gubernaculum serves as an anchor that aids 
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Figure 13-1 E Embryology of the testis and paratestis. A: At 4 weeks, the genital ridges are apparent as mesenchymal condensations 
with a covering of coelomic epithelium that has proliferated. B: At 6 weeks, there is ingrowth of the coelomic epithelium with extension 
into the mesenchyme to form the primitive sex cords. (Reprinted from Langman J. Medical Embryology and Human Development—Normal 
and Abnormal. 2nd ed. Baltimore, MD: Williams & Wilkins; 1972, Fig. 11-13, with permission.) 


in testicular descent, but it does not pull the testis caudally. 
Increasing abdominal pressure due to developing organs may 
have a role in the process. Androgenic and gonadotrophic 
hormones are also thought to be important in the descent of 
the testes into the scrotum.’ The testis is positioned posterior 
to the processus vaginalis, and it is located in the scrotum by 
about the 8th month of gestation. The layers of the inguinal 
canal then contract around the spermatic cord. 

The vas deferens crosses anterior to the ureter as a result 
of the pathway of testicular descent into the scrotum.** The 
blood vessels that supply the testis follow a pathway along 
the dorsal abdominal wall. The cranial part of the proces- 
sus vaginalis is obliterated in the perinatal period. The tunica 
vaginalis is then an isolated sac lined by mesothelium. 


Foregut 


Primordial 
germ cells 


Anatomy and Histology 


The rete testis, efferent ductules, and epididymis represent a 
continuous conduit for seminiferous fluid to be transported 
from the seminiferous tubules to the vas deferens. 


Rete Testis 


The rete testis represents a group of anastomotic chan- 
nels in the hilum of the testis (Fig. 13-5). These channels 
receive the contents of the seminiferous tubules. The rete 
also serves as a chamber for mixing the seminiferous tubule 
contents, a possible source of seminal fluid, a site of resorp- 
tion of protein, and the site of a pressure gradient between 
the testis and the epididymis.’ There are intratesticular and 
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Figure 13-2 E Embryology of the testis and paratestis. A: At 3 weeks, the primordial germ cells form in the wall of the yolk sac. 
B: At 6 weeks, the primordial germ cells migrate to the wall of the hindgut, along the dorsal mesenteric root, and into the genital ridges. 
(Reprinted from Langman J. Medical Embryology and Human Development—Normal and Abnormal. 2nd ed. Baltimore, MD: Williams & 


Wilkins; 1972, Fig. 11-14, with permission.) 
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Figure 13-3 E Embryology of the testis and paratestis. At 8 
weeks of gestation, the tunical albuginea surrounds the developing 
testis, and the rete testis cords intermingle with mesonephric tubules 
at the hilum. (Reprinted from Langman J. Medical Embryology and 
Human Development—Normal and Abnormal. 2nd ed. Baltimore, 
MD: Williams & Wilkins; 1972, Fig. 11-15A, with permission.) 


extratesticular portions of the rete testis. The tubulae rete are 
located in testicular interlobular septa, and they connect the 
two ends of each seminiferous tubule. They also connect to 
the mediastinal rete, which exit the testis as the extratesticu- 
lar bullae retis. The latter structures anastomose to form the 
efferent ductules. 

The rete testis is lined by low columnar, cuboidal, or 
simple squamous epithelium that rests on basal lamina sur- 
rounded by fibroblasts, myoid cells, collagen, and elastin. 
These connective tissue components constitute the wall of 
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the rete testis. The channels are lined by low columnar epithelium. 


the rete testis. Microvilli are present on the luminal surfaces 
of the epithelial cells. Each cell also contains a single 
flagellum that can be seen by electron microscopy.’ 


Efferent Ductules 


Twelve to fifteen efferent ductules connect with the extra- 
testicular rete testis. They make up most of the head of the 
epididymis and resorb seminal fluid components. The effer- 
ent ductule epithelium is composed of two layers, includ- 
ing columnar epithelial cells and flattened, cuboidal basal 
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Figure 13-4 E Embryology of the testis and paratestis. A: By 4 months of gestation, the rete testis cords have merged with the epi- 
genital tubules of the mesonephros. B: Diagram of the mature testis after descent showing the relationships of various structures. (Reprinted 
from Langman J. Medical Embryology and Human Development—Normal and Abnormal. 2nd ed. Baltimore, MD: Williams & Wilkins; 


1972, Fig. 11-18, with permission.) 
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cells. The luminal surface of the tubules is undulating. 
Sometimes, the epithelial cells may display nuclear atypia 
and cytoplasmic pigment reminiscent of that in the seminal 
vesicles.’ The epithelium is surrounded by basement mem- 
brane, smooth muscle, and some fibroblasts.*® 


Epididymis 

Most of the head of the epididymis contains the efferent 
ductules. The body and tail contain a coiled, 4- to 5-m-long 
duct.”' The epididymis is involved with sperm storage, 
sperm transfer, sperm maturation, and sperm concentration.’ 
Sperm matures, develops motility, and is stored in the tail 
of the epididymis.'' The well-developed smooth muscle wall 
surrounding the epididymal tubules assists in transportation 
of sperm through the epididymis. 

Unlike the wavy luminal surface of the efferent duct- 
ules, the epididymal ducts have a smooth luminal contour 
(Fig. 13-6). The epididymal epithelium contains tall colum- 
nar cells, dark columnar cells, clear cells, and basal cells. 
The columnar cells are ciliated, and the cilia decrease in 
length from the head to the tail of the organ. The duct lumen 
of the tail of the epididymis contains abundant spermato- 
zoa, and clear cells are more prominent in the epithelium 
in this area. Periodic acid—Schiff—positive diastase-resistant 
intranuclear inclusions are often present in the columnar 
cells of the epididymal epithelium,'? most commonly in the 
distal portion. Electron-dense, membrane-enclosed bodies 
are identified by ultrastructural examination, but no viral 
features have been seen. Cytoplasmic lipochrome pigment 
may also be present. The epididymal epithelium is sur- 
rounded by both basement membrane and smooth muscle; 
the latter is important for sperm transport. The epithelium 
may have a cribriform pattern that should not be mistaken 
for hyperplasia.'*'° 


A 


Chapter 13 Mi Pathology of the Paratesticular Region 807 


Vas Deferens (Ductus Deferens) 


The tail of the epididymis connects with the vas deferens, 
a 30- to 40-cm-long tubular structure that merges with the 
seminal vesicle to form the ejaculatory duct.’ The vas defer- 
ens epithelium contains pseudostratified columnar epithelial 
cells and cuboidal to flattened basal cells. Electron micro- 
scopic examination has shown principal cells, peg cells, 
mitochondria-rich cells, and basal cells in the epithelium.'® 
The luminal side of the epithelium is ciliated, and the cilia 
become shorter and less abundant as the seminal vesicle is 
approached. The epithelium is surrounded by a basement 
membrane. In adults, there is a layer of connective tissue 
containing elastic fibers between the basement membrane 
and the muscular wall of the vas deferens. The muscularis 
contains inner and outer longitudinal layers and a middle cir- 
cular or oblique layer. Like the epididymis, the vas deferens 
epithelium may display cribriform architecture, intranuclear 
inclusions,!* and lipochrome pigment. The epithelium of the 
vas is thrown into folds, and some of these complex infold- 
ings and outpouchings may reach into the muscularis layer. 


Testicular Tunics 


The tunica albuginea is internal to the tunica vaginalis. It 
is composed of thick fibrous tissue that contains smooth 
muscle cells and nerve fibers and surrounds the testis except 
at the testicular hilus. The myocytes may contract and lead 
to an increase in intratesticular pressure. Tumor-like lesions 
and rare neoplasms may arise from the tunica albuginea. 
The tunica vaginalis is a layer of mesothelium and asso- 
ciated basement membrane that represents the inner lining 
of the intrascrotal structures. The visceral tunica vaginalis 
forms a serosal lining over the tunica albuginea, cover- 
ing the testis and most of the epididymal head. It reflects 


lium with ciliated cells. The luminal border is undulating. B: Ductus epididymis. Cilia are prominent, and the pseudostratified lining cells 


have a smooth luminal border. Smooth muscle surrounds the duct. 
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back on itself superiorly and posteriorly at the mediastinum 
testis to become the parietal tunica vaginalis. Urothelial 
metaplasia may occur in the tunica vaginalis,” with for- 
mation of von Brunn nest-—like structures.’ Squamous 
metaplasia may also occur, and after cystic transformation, 
it may account for some epidermoid cysts in the testis and 
paratestis.'*!° 

While the cranial part of the tunica vaginalis normally 
becomes obliterated in the perinatal period, sometimes resid- 
ual mesothelium present in the spermatic cord may result in 
cysts or other lesions of mesothelial origin. 


Spermatic Cord 


During its descent into the scrotum, the testis brings with it 
the elements of the spermatic cord, including the vas def- 
erens, blood vessels, and nerves.!?*5 The cord is covered 
by the spermatic and cremasteric fascia that accompany 
the processus vaginalis through the abdominal wall into the 
inguinal canal.2° The cremasteric muscle is composed of 
skeletal muscle bundles present along the outer part of the 
spermatic cord and in the wall of the scrotal sac. The loose 
connective tissue matrix of the spermatic cord contains scat- 
tered bundles of smooth muscle. 

The arteries present in the spermatic cord supply blood 
to the testis and paratesticular structures. They include the 
testicular (spermatic) artery, the artery of the vas deferens, 
and the cremasteric artery.° The testicular artery originates 
from the aorta inferior to the renal artery and penetrates the 
tunica albuginea to provide the main blood supply to the tes- 
tis and the epididymis. The anterior and posterior epididy- 
mal arteries arise from the testicular artery and supply the 
head of the epididymis and the epididymal body and tail, 
respectively. The artery of the vas deferens is a branch of 
the superior vesicle artery that accompanies the vas deferens 
and anastomoses with the main testicular artery or the poste- 
rior epididymal artery. The cremasteric artery is a branch of 
the deep epigastric artery. It supplies the cremasteric muscle 
and other coverings of the spermatic cord. It anastomoses 
with branches of the testicular artery. 

The epididymal veins anastomose with the testicular 
veins’ to form the pampiniform plexus that invests the tes- 
ticular artery.’ Further venous anastomoses eventually lead 
to the right and left testicular veins. The right testicular vein 
opens into the inferior vena cava at an acute angle, whereas 
the left testicular vein drains into the left renal vein at a right 
angle. Increased hydrostatic pressure from the perpendicular 
venous anastomosis on the left side is thought to account for 
the greater incidence of varicoceles on that side. 

The lymphatic channels of the testis and epididymis arise 
from a superficial plexus beneath the tunica vaginalis and 
a deep plexus in the testis and epididymis. These vessels 
anastomose into four to eight larger channels that accom- 
pany the main testicular blood vessels through the spermatic 
cord to drain into the lateral paraaortic and preaortic lymph 
node groups.® 


The spermatic cord nerves include the genital branch of 
the genitofemoral nerve, which innervates the cremasteric 
muscle and sends branches to the scrotal skin.° The testicular 
plexus of sympathetic nerve fibers is derived from branches 
of renal and aortic nerve plexuses with contributions from 
the superior and inferior hypogastric plexuses. These nerves 
travel with the testicular artery as well as give off branches to 
the epididymis and the vas deferens. Nerves from the pelvic 
plexus may accompany the artery of the vas deferens.* 


Congenital Abnormalities and Ectopia 
Rete Testis 


The term “dysgenesis of the rete testis” refers to the 
underdeveloped rete testis associated with cryptorchidism”” 
(Table 13-1). 

Testicular abnormalities reported in cryptorchidism 
include Sertoli cell-only syndrome (23 cases), diffuse tubu- 
lar hyalinization (8 cases), mixed tubular atrophy (3 cases), 
and maturation arrest of spermatogonia (4 cases).”° 

The rete has been described as diffusely hypoplastic in 
37.5%, hypoplastic and cystic in 50%, and hyperplastic in 
12.5% of 40 cryptorchid testes.” The latter pattern is identi- 
cal to the lesion described as (idiopathic) rete testis hyper- 
plasia, characterized by tubular, papillary, and cribriform 
intratubular epithelial proliferations. Cystic change in the 
rete testis associated with cryptorchidism is manifested by 
dilated epithelial structures measuring up to 500 um lined 


Table 13-1 CONGENITAL ABNORMALITIES 
AND ASSOCIATED CONDITIONS 


Type Associated Conditions 
Rete testis 
Dysgenesis Cryptorchid testis, epididymal 


abnormalities 


Renal agenesis or cystic dysplasia 
of kidney 


Cystic dysplasia 


Epididymis 
Anomalies of 
attachment to testis 


Cysts Von Hippel-Lindau syndrome 
In utero DES exposure 
Agenesis Absence of vas deferens and 


renal anomalies 
Vas deferens 
Congenital absence Cystic fibrosis 
Absent epididymis 
Renal anomalies 
Imperforate anus, hypospadias 
Peromelia, micrognathia, 
gastrointestinal abnormalities 
TTAGS 
Nelson syndrome in some 
Undescended testis; rarely 
associated with extrarenal 
Wilms’ tumor 


Ectopic 
Splenic-gonadal fusion 
(continuous form) 
Ectopic adrenal tissue 


Ectopic renal tissue 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


by large cuboidal epithelial cells. The epithelium stains for 
both cytokeratin and vimentin in the same manner as the 
normal rete epithelium. Some cases have been associated 
with efferent duct atrophy, with small duct diameters and 
more space than usual between the ducts. Other associ- 
ated findings included epididymal duct ectasia (21 cases), 
an underdeveloped muscular layer in the epididymis 
(11 cases), and fat and dilated veins in the mediastinum 
testis (3 cases each). 

Cryptorchidism is also associated with anomalies of 
mesonephric structures, including luminal dilation of the 
spermatic duct system, immature muscle layers, and mal- 
formations of the epididymis. These multiple abnormalities 
associated with cryptorchidism suggest a primary develop- 
mental disorder of the mesonephros.”! 


Epididymis 

Congenital anomalies of the epididymis include anomalies 
of the attachment to the testes, epididymal cysts, agenesis or 
accessory epididymis, ectopic epididymis, and duplication 
of the epididymis. 

Anomalies of fusion, with detachment of the head of the 
epididymis from the testis, and anomalies of suspension have 
been reported in children who have had surgery for cryptor- 
chidism.” “ Fusion anomalies are more commonly associ- 
ated with abdominal testes, and suspension anomalies are 
more often seen when the cryptorchid testis is located more 
distally. Some epididymal anomalies are associated with an 
absent testis. Anomalies of attachment of the epididymis to 
the testis include attachment of the caput and cauda with a 
detached corpus, attachment of the epididymal head only, 
attachment of the cauda only, and complete separation of the 
testes and epididymis.” Epididymal anomalies may also be 
seen in about one-third of boys with hernias and hydroceles 
without cryptorchidism, especially if there is a patent pro- 
cessus vaginalis. Detachment of the head of the epididymis 
bilaterally results in infertility. 

Epididymal cysts are usually asymptomatic lesions that 
are discovered incidentally on physical examination or ultra- 
sound. Epididymal cysts may be acquired, but some authors 
believe that they have a congenital basis,” perhaps related to 
maturation of the mesonephric ductal system. They are seen 
in patients with von Hippel-Lindau syndrome and in some 
patients exposed to diethylstilbestrol in utero” (Table 13-1). 
The cysts may represent efferent ducts that did not fuse with 
the mesonephric duct during embryogenesis. 

Epididymal agenesis is almost always associated with uni- 
lateral or bilateral absence of the vas deferens (Table 13-1). 
The epididymal head is usually present because it is com- 
posed of efferent ducts derived from the genital ridge, 
whereas the epididymal body and tail are of mesonephric 
derivation.” A high frequency of renal anomalies is present 
in these patients. 

Aberrant epididymal tissue is rare. It may be associated with 
an undescended testis. One case of ectopic epididymal tissue 
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in the appendix testis has been reported.” Ectopic epididymal 
tissue has also been associated with an inguinal hermia sac.”8 

Epididymal duplication is rare. It is characterized by a 
small accessory epididymis branching from the main epi- 
didymis. These patients are asymptomatic, and the lesions 
are discovered incidentally. 


Vas Deferens 


Congenital bilateral absence of the vas deferens is a well- 
studied abnormality of the wolffian ducts that represents 
a primary genital form of cystic fibrosis”? (Table 13-1). 
Mutations in the cystic fibrosis transmembrane conductance 
gene are associated with wolffian duct abnormalities, includ- 
ing unilateral and bilateral congenital absence of the vas def- 
erens and idiopathic epididymal obstruction.” The body and 
tail of the epididymis are also often absent, so the epididy- 
mal head may be prominent and distended with sperm. In 
some cases, there may be complete absence of the epididy- 
mis. Renal anomalies may be present due to the associated 
embryologic origins of these structures.” 

Unilateral absence of the vas deferens occurs in <1% 
of healthy men. It represents the most frequent congeni- 
tal anomaly of the vas deferens and involves the left side 
more often than the right side.” It is often detected at the 
time of vasectomy. It is not a common cause of infertility if 
the contralateral vas is normal. The epididymis associated 
with the absent vas may be of variable length. Ipsilateral 
renal agenesis may be associated with this condition 
(Table 13-1). 

Only a few cases of duplicated vas deferens have been 
reported.” This term is restricted to cases where a second 
vas deferens is identified within the spermatic cord. The con- 
dition needs to be recognized at the time of vasectomy. 

Ectopic vas deferens (persisting mesonephric duct) is a 
condition wherein the ureter enters the vas deferens.” A triad 
of ectopic vas deferens, imperforate anus, and hypospadias 
has been described” (Table 13-1); it has been present in 
about one-fourth of patients with ectopic vas deferens. The 
diagnosis of persisting mesonephric duct should be consid- 
ered in male children with imperforate anus and recurring 
urinary tract infections. 

One case of a large diverticulum of the vas deferens has 
been reported.*! A thickened scrotal vas deferens and azo- 
Ospermia were present. Another rare congenital anomaly is 
crossed dystopia of the vas deferens, a condition in which 
the vas deferens crosses the midline and communicates with 
the contralateral seminal vesicles.*' Infertility is not asso- 
ciated with that lesion unless additional abnormalities are 
present. The diagnosis is made by vasography. Segmental 
aplasia of the vas deferens (skip vas) may be unilateral or 
bilateral; bilateral lesions result in infertility. Segments of 
vas deferens may also be hypoplastic. These conditions rep- 
resent abnormal mesonephric duct development and may be 
associated with abnormalities of the epididymis and semi- 
nal vesicles. 
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Ectopic SplenicTissue and Splenic-Gonadal 
Fusion 


Splenic and gonadal tissue may fuse during embryogen- 
esis.” The left gonad is most frequently involved.** There is 
a continuous form of this lesion in which a cord connects 
the spleen to the testis; many of those patients have marked 
defects of the extremities (peromelia), as well as microgna- 
thia and gastrointestinal abnormalities (Table 13-1). Those 
patients may have a scrotal or inguinal mass that becomes 
apparent during an inguinal hernia operation or during sur- 
gery for an undescended testis. Small aggregates of splenic 
tissue may be found in the spermatic cord, or the cord may 
be composed entirely of splenic tissue.** 

The discontinuous form of splenic—-gonadal fusion is 
manifested by accessory splenic tissue in the paratestis 
region rather than continuity between the spleen and testis. 
Accessory splenic tissue has been reported in the epididy- 
mis, in the spermatic cord, and between the scrotal skin and 
the spermatic cord. The splenic tissue has the gross and 
microscopic characteristics of normal spleen. 


Ectopic Adrenal Tissue 


Ectopic adrenal cortical tissue is seen in the paratestis of 
1.6% to 15% of male patients.***° It typically appears as 
yellow-orange nodules in the spermatic cord, epididymis, 
rete testis, tunica albuginea, and between the epididymis and 
the testis. It is most often seen in infants, but it may occur in 
adults. Nodules of ectopic adrenal tissue may measure 2 to 
6 mm in diameter.” They display three well-defined layers 
of adrenal cortex. The zona fasciculata is the predominant 
tissue. Adrenal medulla is not present in ectopic adrenal tis- 
sue. The characteristic zonation seen in the adrenal cortex is 
an important factor in distinguishing ectopic adrenal tissue 
from other steroid cell proliferations in this region. 

Ectopic adrenal cortex may be the source for neoplasms 
such as the testicular tumor of the adrenal genital syn- 
drome (TTAGS) that may be seen in the spermatic cord.’ 
Similar tumors are seen in patients with Nelson syndrome’? 
(Table 13-1). These lesions actually represent reversible 
hyperplasia of steroid-producing cells in response to high 
circulating levels of ACTH.” Reduction of the ACTH levels 
causes regression of the lesion. TTAGS displays nests of cells 
with eosinophilic cytoplasm; the cell nests are separated by 
fibrous stoma. Intracytoplasmic lipofuscin may be present. 
Some authors have suggested that TTAGS arise from pluripo- 
tential cells in the testicular hilus rather than adrenal rests.** 


Ectopic Renal Tissue 


Ectopic renal tissue in the paratesticular region is rare and 
usually occurs in association with an undescended testis. 
One case occurred in a 36-year-old man with a painful ingui- 
nal swelling.*! An undescended testis was present with an 
adjacent ectopic kidney that measured 3 cm in diameter and 
contained renal cortex and medulla as well as some immature 


mesenchyme. An additional patient had heterotopic renal 
tissue that was discovered in association with an intrascro- 
tal Wilms tumor“ (Table 13-1). The renal heterotopia con- 
sisted of renal tubules and immature glomeruli that may 
have arisen from caudal mesonephric elements present in 
the paratesticular area. Primary extrarenal nephrogenic rests 
occur rarely in the paratesticular region.* They display blas- 
tema and immature glomeruli and tubules. 


Extraparenchymal Leydig Cells 


Clusters of Leydig cells are often present in the parates- 
ticular region (Fig. 13-7). They have been reported in the 
tunica albuginea and rete testis,*°*’ the adventitial tissue 
between the tunica albuginea and epididymis, the epididy- 
mis, the vas deferens, and the spermatic cord.*°** A recent 
study found Leydig cells outside the testis in 90 of 97 orchi- 
ectomy specimens reviewed.“ The testicular tunics were 
involved in 50% of cases, and 14.4% of spermatic cords 
contained Leydig cells. These cells were associated with 
nerves in 25.5% of cases and with vascular spaces in 7.8% 
of orchiectomy specimens, but some aggregates of Leydig 
cells were not associated with either nerves or blood ves- 
sels.” Leydig cells sometimes contain lipochrome pigment, 
Reinke crystals, and multiple nuclei.” Large aggregates 
of extratesticular Leydig cells may be misinterpreted as a 
primary paratesticular Leydig cell neoplasm, spread from a 
testicular Leydig cell tumor or other rare neoplasms or met- 
astatic disease. Extratesticular Leydig cells may form small 
nodules, but the location along nerves and vessels com- 
bined with the lack of an expansile paratesticular mass or 
testicular neoplasm distinguishes testicular adnexal Leydig 
cells from Leydig cell tumor of paratesticular or testis 
origin. In contrast to metastatic deposits, no atypia, mitosis, 
or stromal reaction is associated with extratesticular Leydig 
cell aggregate. 


` ~ TASNA EDA 


Figure 13-7 W Perineural Leydig cells. Leydig cells have 
abundant eosinophilic cytoplasm and are often associated with 
nerve bundles in the paratesticular region. 
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Remnants of Wolffian and Mullerian Ducts 


Remnants of the embryonic miillerian and wolffian ducts 
give rise to the appendix testis and the appendix epididymis, 
respectively. These structures may be subject to various patho- 
logic processes, including cysts, infarcts, and tumors. Cysts 
usually occur in the retroperitoneum, mesentery, pelvis, or 
paratesticular region. However, one cyst thought to be derived 
from a wolffian duct remnant occurred in the liver of an infant 
boy. It was connected by a stalk to the head of the epididymis 
adjacent to his right abdominal undescended testis.°° 


Appendix Testis 


The appendix testis is a remnant of the paramesonephric 
(miillerian) duct that is usually found on the anterosuperior 
aspect of the testis in the groove between the testis and the 
head of the epididymis.*’ It is most commonly attached to 
the tunica vaginalis of the testis, but it may also be attached 
to the epididymis. The appendix testis can be identified in 
80% to 90% of men, and it has been found bilaterally in 60% 
of patients.” A thickened area of the tunica vaginalis or focal 
calcification may be the only evidence of this structure in 
some men. However, it is generally an ovoid structure that 
measures 0.5 to 2.5 cm in length.*' It is covered by cuboi- 
dal to columnar epithelium that may be stratified (Fig. 13-8). 
The connective tissue core contains blood vessels and, 
sometimes, smooth muscle cells. Stroma resembling ovar- 
ian stroma may also be present. Torsion and infarction of 
the appendix testis is usually seen in children or adolescents, 
and it is associated with scrotal pain? that may be mistaken 
for processes involving other intrascrotal areas. Chronic tor- 
sion may cause detachment of the appendix testis. 


Appendix Epididymis 


The appendix epididymis is derived from the cranial aspect 
of the mesonephric (wolffian) duct. It is identifiable in 
only about 25% of specimens.* It is a cystic structure that 
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Figure 13-8 E Appendix testis. The oblong structure has a 
fibrovascular core and is covered by columnar cells. 
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may contain eosinophilic fluid and is lined by cuboidal to 
columnar epithelium. The epithelium is surrounded by a 
basement membrane, with a small amount of connective tis- 
sue and mesothelial cells on the external aspect. The appen- 
dix epididymis may be pedunculated, or it may be adherent 
to the head of the epididymis. It may be involved by torsion 
and infarction causing scrotal pain, and sometimes it may 
become enlarged and suggest a mass lesion. 


Aberrant Ductules and Paradidymis 


The superior and inferior aberrant ductules (organ of Haller) 
and paradidymis (organ of Giraldes) are mesonephric duct 
(wolffian) remnants.’ They are near the head or body of the 
epididymis in the case of the superior aberrant ductule or the 
junction of the tail of the epididymis and the vas deferens 
in the case of the inferior aberrant ductule.’ Both are small 
tubules or cysts with low columnar epithelium surrounded 
by smooth muscle. They may be the source of some epididy- 
mal cysts, although epididymal cysts are also encountered in 
patients with the von Hippel-Lindau syndrome and in some 
patients who were exposed to diethyl-stilbestrol in utero.”?°4 

The paradidymis is usually located adjacent to the vas 
deferens in the area of the head of the epididymis. It is a 
small tubular structure similar to the aberrant ductules, and 
it may result in a spermatic cord cyst.” It is important not 
to mistake the paradidymis for vas deferens in inguinal her- 
nia specimens." The well-developed, three-layered muscular 
wall of the vas deferens aids in the distinction. 


Hernia Sac Inclusions 


Hernia sacs from young boys contain glandular or ductal 
structures in 1.5% to 6% of cases***’ (Box 13-1). These 
embryonal rests must be distinguished from transected vas 
deferens and epididymal tissue because gland inclusions do 
not affect reproductive function. 

The three types of embryonal rests seen in inguinal her- 
nia sacs include vas deferens—like, epididymis-like and 
miillerian-like inclusions.*°° The diameter of the remnants, 


Box 13-1 GLANDULAR INCLUSIONS IN 
INGUINAL HERNIA SACS 


Type of Inclusion Diagnostic Features 


Vas deferens-like CD10 negative, smooth 
muscle actin positive, 


diameter <0.8 mm 


Epididymis-like 7/13 CD10 positive, others 
negative 
Miullerian-like CD10 negative 


Normal Anatomic Structures 


At least focal CD10 positive, 
smooth muscle actin posi- 
tive, diameter 21 mm 

At least focal CD10 positive 


Normal vas deferens 


Normal epididymis 
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correlated with patient age, may aid in distinguishing them 
from normal vas deferens." Trichrome and immunohisto- 
chemical stains for smooth muscle actin are useful because 
they distinguish periglandular mesenchymal condensations 
in the inclusions from the subepithelial muscle layer seen 
in the vas deferens and epididymis. Vas deferens—like and 
miillerian-like inclusions do not display the luminal CD10 
staining that is seen in normal vas deferens. Two types of 
epididymis-like inclusions have been reported.*° One group 
displays luminal decoration by CD10 and may represent 
aberrant wolffian ductules. The other group does not stain 
with this antibody and may represent miillerian remnants. 


Congenital Hydrocele 


Congenital hydroceles result from a persistent communication 
between the tunica vaginalis and the peritoneal cavity. This 
communication is normally obliterated after descent of the 
testis into the scrotum and usually before the age of 2 years. 


Cystic Dysplasia 


Cystic testicular dysplasia is rare, and it is an entity seen 
in infants and young children." It is usually a unilateral 
lesion that is associated with an ipsilateral urogenital lesion 
such as renal agenesis or cystic dysplasia of the kidney’ 
(Table 13-1). The lesion is usually manifested by pain- 
less testicular enlargement, although one recently reported 
patient complained of scrotal pain.® Involvement of the rete 
may be segmental or diffuse. The rete testis in patients with 
this disorder displays cystically dilated channels (Fig. 13-9) 
that maintain the normal branching pattern of the rete and 
do not display epithelial proliferation.*' The rete spaces are 
lined by cuboidal to flattened epithelial cells that are sur- 
rounded by fibrous stroma. The cysts range in size from 1 
to 5 mm in diameter and are visible on gross examination. 
Seminiferous tubules are normal. Cystic dysplasia of the rete 
testis does not appear to be caused by obstruction of the duct 
system, which causes extensive dilation of the rete channels 
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FiGuRE 13-9 W Cystic dysplasia. This gross photograph 
displays distorted rete testis architecture due to multilocular cystic 
dilation of the rete channels. 


as well as dilation of seminiferous tubules in young children. 
It is more likely related to an embryologic defect. During 
embryogenesis, the rete testis is formed from sex cord stro- 
mal tissue; the connection with epididymis (of wolffian duct 
origin) may be defective in this disorder, leading to dilated, 
blind-ended rete channels.*! Abnormal sodium metabolism 
has also been proposed as a cause for this disorder.’ Cystic 
dysplasia has also been reported in the epididymis.°! 


Inflammation and Infection 


Inflammatory conditions of infectious or noninfectious origin 
may principally affect epididymis, tumor, or spermatic cord or 
may involve more than one of those structures. Furthermore, 
paratesticular inflammation may be secondary to orchitis. In 
this section the entities are discussed under headers of non- 
specific and granulomatous inflammation, realizing that both 
may have active (acute) and chronic components. Diverse 
etiologic agents are associated with these conditions, and in 
some instances no identifiable agent is found. 


Nonspecific Acute and Chronic Inflammations 


Epididymitis represents the most common intrascrotal inflam- 
mation. Chronic infection and inflammation are associ- 
ated with reactive changes and fibrosis that may simulate a 
neoplasm. Acute epididymitis is the most common cause of 
an acutely painful scrotum. Bacterial infection may be caused 
by a variety of organisms. It is often associated with anatomic 
abnormalities, and it is the most common type of epididy- 
mitis seen in older men.” Sexually transmitted Chlamydia 
trachomatis or Neisseria gonorrhoeae epididymitis represent 
the most common cause of acute scrotal swelling in men 
under the age of 35 years.*4 Sexually transmitted epididy- 
mitis is associated with underlying urologic abnormalities.“ 
Chlamydia trachomatis epididymitis is minimally destructive, 
with periductal and intraepithelial inflammation, epithelial 
proliferation, and, sometimes, squamous metaplasia.® On the 
other hand, pyogenic infections such as N. gonorrhoeae are 
associated with destructive abscess formation and may create 
masses that mimic neoplasia. Low-risk and high-risk types 
of human papillomavirus have been detected in epididymal 
and ductus deferens tissue from some patients with epididy- 
mitis, although neither koilocytotic atypia nor dysplasia was 
identified.® The male urogenital tract may therefore serve as a 
reservoir of HPV infection. Older men who develop bacterial 
epididymitis are more often infected with Escherichia coli. 

Whereas epididymitis is rare in childhood, an increasing 
frequency has been reported in children admitted with the 
diagnosis of acute scrotum.’ In some cases, Æ. coli has been 
cultured from children with epididymo-orchitis who had no 
underlying urinary tract abnormalities. 

Chemical epididymitis occurs when sterile urine refluxes 
into the vas deferens, sometimes after heavy lifting or 
blunt abdominal trauma that increases the intra-abdominal 
pressure.® The vas deferens and the tail of the epididymis 
become inflamed, but no organisms are identified. 
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Schistosomal funiculitis has been reported in a patient 
with chronic schistosomal infection of long duration.” 
Dirofilaria conjunctivae infection has been seen in the sper- 
matic cord, where it has simulated a neoplasm.”! 


Granulomatous Inflammation 


The most common cause of granulomatous epididymitis is 
tuberculosis (Fig. 13-10). The incidence of this disease has 
increased because of human immunodeficiency virus infec- 
tion and intravesical bacille Calmette-Guerin therapy for 
superficial bladder tumors.” There is an association between 
renal and genital tuberculosis, with frequent involvement of 
the epididymis.” Painful or painless scrotal enlargement is a 
common presenting symptom. Epididymal tuberculosis may 
present as a mass lesion in patients that have widespread dis- 
ease. Secondary hydroceles may be associated with epididy- 
mal tuberculosis. Extensive infection can result in sinuses 
that communicate with the scrotum.” 

Gross examination of tuberculous epididymitis reveals 
multiple small white to yellow nodules that typically contain 
caseous necrosis. Microscopic examination displays necro- 
tizing granulomatous inflammation with palisading histio- 
cytes and Langhans giant cells. Granulomas originate in the 
epididymal stroma and then enlarge, become confluent, and 
spread to and secondarily involve the tubules.” 

Brucella” and blastomycosis’’ have also been impli- 
cated in granulomatous epididymitis clinically simulating 
neoplasia. Some cases of granulomatous epididymitis have 


Figure 13-10 Œ Tuberculous epididymitis. This gross pho- 
tograph shows partially necrotic tumor-like lesion involving 
epididymis and paratesticular soft tissue. 
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not been associated with any detectable infectious agent.” 
One such case occurred in a 41-year-old man who presented 
with a scrotal mass and had a 2.3-cm firm lesion in the tail 
of the epididymis.** Epididymal tubules had necrotic walls, 
and there was a significant histiocytic infiltrate associated 
with squamous metaplasia.** No necrosis or Langhans-type 
giant cells were seen, and no organisms could be identified 
on special stains. 

Granulomatous epididymitis may also be caused by fun- 
gal organisms. However, fungal epididymitis is very rare and 
usually associated with orchitis. Demonstration of the organ- 
isms with special histologic stains or culture is necessary if 
this diagnosis is a consideration. 

Some cases of granulomatous epididymitis with no 
apparent infectious agent may have an ischemic etiology.” 
In cases thought to be ischemic, granulomatous lesions 
display predominantly histiocytic infiltrates and typically 
involve tubular walls rather than the epididymal stroma.” 
Areas of necrosis and squamous metaplasia may be present. 
Ischemic lesions are more frequently located in the head of 
the epididymis, where the blood supply is more easily com- 
promised than in the body and tail.** The vascular supply 
for the head of the epididymis consists of only the superior 
epididymal artery. The vascular supply for the body and tail 
of the epididymis includes numerous anastomoses between 
the inferior epididymal and vas deferens arteries, thereby 
protecting these areas against ischemia. 

Xanthogranulomatous epididymitis is associated with 
Gram-negative bacteria and usually requires surgical exci- 
sion.***° These lesions display prominent aggregates of 
foamy histiocytes in addition to plasma cells, lymphocytes, 
and neutrophils. One reported case*’ was bilateral and so 
severe that it was difficult to distinguish the epididymis from 
the adjacent testis. Xanthogranulomatous funiculitis and 
epididymitis have been described in a quadriplegic patient 
with unsuccessful voiding.*' Other rare cases of xantho- 
granulomatous funiculitis have been reported.” The lesion 
presents with spermatic cord enlargement, and the histo- 
logic features are identical to those of xanthogranulomatous 
epididymitis. 


Sarcoidosis 

Genitourinary involvement by sarcoidosis is very uncom- 
mon. The average age at onset of genital sarcoidosis is 33 
years (range 2 to 67). Epididymal sarcoidosis has been 
reported mainly in black men, some of whom also had 
testicular sarcoidosis.** The spermatic cord may also be 
involved. These lesions are often asymptomatic and unilat- 
eral, although they may be bilateral.***° Firm nodules may 
replace the entire epididymis. Nonnecrotizing granulomas 
may cause nodules that measure up to 2.5 cm in diameter 
and mimic a tumor.***7** Special stains for acid-fast bacilli 
and fungi show no organisms. Diffuse involvement of the 
epididymis may also be present. Most patients have hilar 
adenopathy or reticulonodular lung infiltrates on chest 
radiographs. However, genitourinary sarcoidosis has been 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


814 Urological Pathology 
reported in the absence of radiographically detectable lung 
or mediastinal disease.*? 


Sclerosing Lipogranuloma 

Injection of lipids to increase the size of the genitalia has 
resulted in granulomatous lesions in the scrotum, the sper- 
matic cord, or the epididymis.**”’ Some have presented as 
mass lesions requiring surgical excision.” Most cases have 
been associated with a history of exogenous lipid injection 
or a history of trauma, but some may have been idiopathic.” 
Most patients have presented with localized masses measur- 
ing from a few to several centimeters in size." 

Gross examination of resected sclerosing lipogranulomas 
reveals fragmented or intact specimens that are gray to yel- 
low and solid or solid with small cysts on gross examina- 
tion. Microscopic examination displays patchy fibrous tissue 
containing empty vacuoles of varying size without epithelial 
lining cells. Foreign body giant cells may be present. Areas 
of hyalinization may be seen, and inflammatory cells include 
histiocytes, lymphocytes, plasma cells, and eosinophils. This 
lesion is typically patchy in the involved area of the epididy- 
mis or spermatic cord. The differential diagnosis of sclerosing 
lipogranuloma in the epididymis includes adenomatoid tumor, 
sclerosing lipogranuloma, and signet ring carcinoma. None of 
those neoplasms contains the empty vacuoles devoid of lin- 
ing cells that are characteristic of sclerosing lipogranuloma. 
Mesothelial-lined tubular structures typical of adenomatoid 
tumor are not seen in sclerosing lipogranulomas. Sclerosing 
liposarcoma displays atypical nuclei and rare lipoblasts in 
fibrous tissue alternating with “lipoma-like” areas. Neither 
atypical nuclei nor lipoblasts are seen in sclerosing lipogranu- 
loma. Signet ring carcinomas contain mucinous cytoplasmic 
vacuoles that are not present in sclerosing lipogranuloma. 


Other Rare Granulomas 
Granulomas of paratesticular structures have been reported 
due to powder from surgical gloves.” This was the etiology 
in the case of a 2-cm hard mass in the head of the epididymis 
and tunica albuginea in one patient.” Microscopic examina- 
tion of the mass showed fibrous tissue and epithelioid histio- 
cytes intermingled with foreign body—type giant cells that 
contained crystalline material. Radiopaque contrast dye con- 
taining lipid has also been reported as a cause of granulomas 
of the vas deferens in a 35-year-old infertile man who under- 
went vesiculoepididymography.”* Partial resection of the vas 
deferens revealed a small nodule that showed acute, chronic, 
and granulomatous inflammation on microscopic examina- 
tion. The granulomas contained refractile foreign material. 
Cholesterol granulomas (also called cholesteatoma) of 
the tunica vaginalis simulating neoplasm have also been 
reported.”*°’ One such lesion was described in a 52-year-old 
man who had a 7-cm mass that had been present since an epi- 
sode of trauma 25 years earlier.’ Excision of the mass showed 
thickening of the tunica vaginalis. Microscopic examination 
showed granulomas and fibrosis with foreign body—type 
giant cells containing cytoplasmic cholesterol clefts. 


Malakoplakia 


About one-third of reported cases of testicular and paratestic- 
ular malakoplakia involve the epididymis. The testis is usually 
involved also,”**? although sometimes only the epididymis 
is affected.! Rare cases of epididymal malakoplakia pres- 
ent as masses in patients with remote histories of vasectomy 
or associated with a hydrocele, and they have occasionally 
required surgical excision.'®! Other examples of this lesion 
have been detected incidentally in orchiectomy specimens 
from men with prostate cancer.!® Some patients have histo- 
ries of urinary tract infections, especially with Æ. coli. On 
microscopic examination, malakoplakia displays aggregates 
of histiocytes and inflammatory cells with the characteris- 
tic targetoid Michaelis-Gutmann bodies. The inflammatory 
infiltrate may overshadow the population of histiocytes in 
some cases. Stains for iron (Prussian blue), calcium (von 
Kossa), and the periodic acid—Schiff stain may help identify 
these structures if they are not seen on routine H&E stains. 


Meconium Periorchitis (Also Called Meconium 
Vaginalitis) 


This lesion usually becomes evident in infants <1 month of 
age. Rare infants with this condition have had cystic fibro- 
sis. However, several cases have been reported in black 
infants, a group that is rarely affected by cystic fibrosis. 
Meconium periorchitis is the result of perforation of the 
wall of the intestine in utero with subsequent extravasation 
of meconium into the tunica vaginalis. It is sometimes pres- 
ent as a firm, nontender scrotal mass that is separate from 
the testis and simulates a neoplasm.’ On gross examina- 
tion, the tunica vaginalis and/or spermatic cord typically 
displays numerous nodules composed of yellow-green mate- 
rial. However, masses measuring up to 3 cm in diameter have 
been reported.'” The presence of numerous greenish-yellow 
small nodules on the tunica vaginalis or spermatic cord in 
young infants argues against a neoplasm. Microscopic exam- 
ination shows myxoid tissue and spindle cells, macrophages, 
squamous cells with and without nuclei, rare lanugo hairs, 
and mesothelial hyperplasia.” The lesion typically does not 
have much inflammatory infiltrate. 


Sperm Granulomas 


Sperm granulomas occur at the superior pole of the epididy- 
mis or in the vas deferens.!°!% They are more common in 
the vas deferens. They sometimes simulate neoplasms and 
have resulted in orchiectomies.°*'°*!°7 One patient with an 
epididymal sperm granuloma had clinical features of an 
intratesticular tumor.'°’ The lesion was associated with tes- 
ticular swelling and pain 2 years after trauma, and ultrasound 
studies revealed a solid, hypoechoic mass consistent with an 
intratesticular tumor. The possibility of a sperm granuloma 
should be considered when there is a firm, discrete, tender, 
persistent nodule in the epididymis or vas deferens, espe- 
cially if the patient has a history of a vasectomy.'“ 
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More than 40% of sperm granulomas are related to a pre- 
vious vasectomy,” and 1% to 10% of men who have vasecto- 
mies develop sperm granulomas.'*!*! Trauma, infection, 
obstruction, and previous surgery are also associated with 
this lesion. It may also be a complication of secondary oxa- 
losis in patients with chronic renal failure.'°’ Most patients 
are younger than 40 years of age.'” 

The average size of sperm granulomas is 7 mm, although 
they may be as large as 4 cm, and they are sometimes mul- 
tiple.'°4°°''? They are firm, yellow-white lesions that con- 
tain sperm surrounded by neutrophils, histiocytes, and giant 
cells. Cystic spaces may be present due to obstruction and 
dilation of epididymal tubules, which may display squamous 
metaplasia.** Dystrophic calcification may occur. The lesion 
eventually becomes replaced by fibrous tissue that may con- 
tain lipochrome pigment. Vasitis nodosa accompanies one- 
third of sperm granulomas present in the vas deferens.” 


Vasitis Nodosa and Epididymitis Nodosa 


Vasitis nodosa and epididymitis nodosa are usually postva- 
sectomy changes. Vasitis nodosa is usually identified during 
a vasovasostomy from 1 to 15 years after vasectomy.!'' The 
lesions occur in as many as half of men who have had vasec- 
tomies, and they may be bilateral. However, vasitis nodosa 
and epididymitis nodosa may also follow trauma, hernior- 
rhaphy, and prostatectomy.'!* They have been described in 
patients with primary infertility, chronic severe cystitis, and 
bladder diverticula.''* Most cases are asymptomatic, pos- 
sibly because the lesions are small (<1 cm). Some patients 
have scrotal swelling, pain, and nodularity. Patients with 
vasitis nodosa usually have a firm nodule in the scrotal part 
of the vas. Both lesions display a proliferation of small ducts 
and gland-like structures in the walls of the vas deferens 
and epididymis in response to mechanical obstruction and 
increased intraluminal pressure. The glands may be located 
in a perineural location, resulting in confusion with adeno- 
carcinoma.''*''> The gland proliferation seen in vasitis and 
epididymitis nodosa does not display mitotic figures or 
epithelial atypia, and the presence of sperm in gland lumina 
is evidence against a neoplasm. Extravasation of sperm leads 
to sperm granulomas and subsequent inflammation and 
fibrosis. Sperm granulomas coexist with vasitis and epididy- 
mitis nodosa in 70% of patients.’ 


Vascular Abnormalities and Ischemia 
Arterial Venous Malformations 


Arterial venous malformations are rare in the paratesticular 
region. A case of an intrascrotal, extratesticular lesion was 
detected after a bicycle accident resulted in a scrotal hema- 
toma.''* A case has also been described in the spermatic cord." 
Some other arterial venous malformations have been reported 
in the “scrotum” without specification of exact locations. 
There has been one reported case of a spermatic artery 
aneurysm." It presented as a round, firm, nonpulsating 
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tender mass in the left spermatic cord of a 50-year-old man. 
It was attached to a segment of a muscular artery, and the cut 
surface showed aneurysmal dilation of the artery with blood 
clot. There was a transition from the wall of the artery to the 
aneurysm. ''8 


Varicocele 


Varicoceles represent abnormal venous dilation in the pampi- 
niform vascular plexus. They occur in about 15% of men." 
They may be detected during investigation of infertility, or 
they may present with scrotal pain and swelling. They occur 
most commonly on the left side due to increased hydrostatic 
pressure from the left spermatic vein entering the left renal 
vein perpendicularly. The pampiniform plexus becomes 
dilated and tortuous. More unusual causes of varicoceles 
include compression of the renal vein, an aberrant renal vein, 
or an obstructed renal vein.'”? Varicoceles that occur on the 
right side and those with recent onset in older men should 
prompt evaluation of a possible abdominal mass compressing 
veins downstream from the scrotum. Gross and microscopic 
examination of the rete testis in patients with varicoceles often 
reveals dilated rete testis veins that compress and obstruct 
the rete tubules, although some patients have dilated efferent 
ductule veins that result in dilated rete testis channels.'”° 


Torsion 


Testicular torsion has been diagnosed in one-third of patients 
under the age of 40 who present with acute scrotal pain and 
undergo emergency scrotal exploration.'*! Torsion of the 
spermatic cord results in hemorrhagic infarction of the tes- 
tis. The next most common entity in the patients with acute 
scrotal pain followed by emergency surgery is torsion of 
the appendix testis. Torsion of the appendix testis has been 
reported to be the most common cause of acute scrotum in 
children.'* Torsion of the epididymis has been described in 
a 11-year-old boy who presented with an acute scrotum and 
was found to have an abnormal attachment of the epididy- 
mis to the testis. Torsion of the testicular or epididymal 
appendages may simulate the clinical symptoms of testicu- 
lar torsion. Gross and microscopic features of the structures 
affected by torsion are those of hemorrhagic infarction. Dark 
red, hemorrhagic tissue is present. Extravasated blood often 
overshadows any residual parenchymal architecture, and 
ischemic changes may obliterate normal histology. 


Vasculitis 


Polyarteritis nodosa is the most common vasculitis seen in 
the paratesticular region.** Unilateral or bilateral epididy- 
mal enlargement and tenderness may be either the present- 
ing symptom of the disease or a component of systemic 
disease.'**!*° A review of autopsy tissue from patients with 
known polyarteritis nodosa showed epididymal vasculitis in 
two-thirds of cases.” Isolated arteritis of the epididymis has 
also been reported, and it may be either an incidental finding 
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or associated with a mass.! A case of limited Wegener gran- 
ulomatosis involving the epididymis has been described in a 
32-year-old man.'” 

Other types of vasculitis seen in the paratestis include 
Henoch-Schoenlein purpura," thromboangiitis obliterans, 
and granulomatous vasculitis. One 6-year-old boy with 
Henoch-Schoenlein purpura developed a swollen, painful 
right scrotum 24 hours after an appendectomy.'*° The tunica 
albuginea, epididymis, spermatic cord, and testis displayed 
vascular necrosis, red blood cell extravasation, and vascular 
infiltration by neutrophils.'*° There was hemorrhagic infarc- 
tion of the testis and spermatic cord. Microscopic exami- 
nation displayed necrotic vessel walls with areas of acute 
inflammation and extravasated red blood cells in the testis, 
tunica albuginea, epididymis, and spermatic cord. 

Thromboangiitis obliterans has been reported in the epi- 
didymis and spermatic cord.** The patients reported have been 
in the third or fourth decades of life, and they have presented 
with firm, tender scrotal masses.'3''°3 Gross examination 
of the lesions revealed enlarged, thickened vasa deferentia 
or epididymal nodules. Microscopic examination displayed 
arterial and venous thrombi and focal aggregates of mono- 
nuclear inflammatory cells and giant cells in the vessel walls. 

Granulomatous vasculitis (Fig. 13-11) has been reported 
in the epididymis or spermatic cord in five patients, either 
with or without involvement of the adjacent testis.!® 16 These 
lesions have been unilateral or bilateral and synchronous or 
metachronous. One 70-year-old patient had a painless para- 
testicular mass that was clinically suspicious for a neoplasm. 
He had no signs or symptoms of vasculitis before resection 
of the mass. Microscopic examination of the mass displayed 
a nonnecrotizing granulomatous vasculitis containing giant 
cells in arteries and veins of the spermatic cord.'*° 

Two reported patients developed hemorrhagic infarction 
of the testis as a result of intimal fibroplasia of the spermatic 
artery.” Both patients had orchiectomies because clini- 
cal features were suspicious for neoplasms. Microscopic 


Figure 13-11 M& Granulomatous vasculitis involving the 
spermatic cord. Small blood vessels are surrounded by giant cells. 


examination of both lesions showed moderate or marked 
luminal obstruction of branches of the spermatic artery 
under the tunica albuginea and in the testis. The arterial wall 
intima contained a proliferation of loose connective tissue, 
but there were no abnormalities of the elastic lamina. These 
lesions resemble intimal fibroplasia of the renal artery seen 
in patients with arterial hypertension. 


Miscellaneous Cysts, Celes and Pseudotumorous 
Conditions 


Cystic Transformation of the Rete Testis 
(Synonym: Also Called Giant Cystic 
Degeneration of the Rete Testis) 


Nistal et al. studied 1,798 autopsy and 518 surgical speci- 
mens from the testis and epididymis, and identified cystic 
transformation of the rete testis in 20 autopsy and 18 sur- 
gical pathology specimens." The cystic transformation was 
thought to be due to several different etiologies. One cause 
of this lesion is mechanical compression of the extratesticu- 
lar excretory ducts, resulting from neoplasia or other masses 
such as hematoceles. Cystic transformation may also follow 
postvasectomy inflammation or it may be related to infec- 
tion such as epididymitis. An ischemic etiology has also 
been proposed in elderly men who have atherosclerosis in 
the epididymal branch of the testicular artery with associ- 
ated atrophy of the head of the epididymis. Hormonal abnor- 
malities may cause cystic transformation of the rete testis in 
patients with cirrhosis; these patients have increased periph- 
eral conversion of androgen to estrogen and develop bilateral 
epididymal atrophy and columnar transformation of the rete 
testis epithelium. One case of giant cystic degeneration of 
the rete testis has been reported recently in an elderly adult 
man treated with LHRH for prostate adenocarcinoma.'*’ The 
patient age, the postulated effect to antiandrogen therapy, and 
the 10-cm size of the lesion are all unusual for this lesion. 
Malformations, such as cryptorchidism, that have dissocia- 
tion between the rete testis (derived from the sex cords) and 
the epididymis (derived from the mesonephric duct) may also 
result in cystic transformation of the rete testis (Box 13-2). 


Box 13-2 © CELES/CYSTS OFTHE PARATESTIS: 
ETIOLOGY AND ASSOCIATED LESIONS 


Cystic transformation 
of the rete testis 


Mechanical compression, postva- 
sectomy, ischemia, hormonal 
factors, cryptorchidism 

Acquired cysts of the Hemodialysis 
rete testis 

Cysts of the epididymis Polycystic kidney disease, von 
Hippel-Lindau (rare), renal cell 
carcinoma (rare), in utero DES 
exposure 

Idiopathic or may be secondary to 
infection or neoplasm 


Trauma, torsion, tumor, surgery 


Hydrocele (acquired) 


Hematocele 
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Acquired Cysts of the Rete Testis 


Acquired cysts of the rete testis have been reported in patients 
on hemodialysis, who may have oxalate crystals in the cyst 
lumens'*° (Box 13-2). Benign rete testis cysts are lined by a 
single layer of flat or columnar epithelial cells. 


Mesothelial Cysts 


Mesothelial-lined cysts of the paratesticular area are rare and 
may involve the tunica albuginea, tunica vaginalis, epididy- 
mis, or spermatic cord.!*!4""'“4 They usually occur in men 
over 40 years of age. They may either be asymptomatic or 
patients may present with a painful mass simulating testicu- 
lar tumors. These cysts may be single or multiple, but they 
are usually unilateral and located on the anterolateral surface 
of the testis.!“ They measure from 0.3 to 0.4 cm in diameter 
and contain serous or blood-tinged fluid. The cysts are lined 
by single-layered, non-atypical, flattened, or cuboidal meso- 
thelial cells. The epithelium is surrounded by hyalinized 
connective tissue. Squamous metaplasia may be present. 
The cysts are surrounded by fibrous tissue. They are benign 
lesions that should be treated conservatively. 


Cysts of the Epididymis 


Small benign cysts of the epididymis are common. They mea- 
sure | to 2 cm in diameter. Pain and torsion may occur with 
larger cysts. Polycystic kidney disease has been associated 
with multiple epididymal cysts.'*° Bilateral epididymal cysts 
have been described in a patient with von Hippel—Lindau 
disease and early-onset renal cell carcinoma.'*” Epididymal 


cysts have also been reported in 10% of men exposed to DES 
in utero!’ (Box 13-2). 

Epididymal cysts usually occur in the head of the epi- 
didymis. They are thought to arise from efferent ductules.*! 
They may be unilocular or multilocular, and they are lined 
by a single layer of flat to cuboidal epithelial cells that may 
display variable numbers of cilia (Fig. 13-12). Cytologic 
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Figure 13-12 E Cyst of epididymis. A dilated, cystic efferent 
duct is present adjacent to normal ducts. 
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atypia is not a feature of epididymal cysts. If spermatozoa 
are present in the cysts, the lesions are called spermatoceles. 
Small papillary structures containing connective tissue cores 
lined by a single layer of bland epithelium may protrude into 
the cysts. "° 


Spermatocele 


Spermatoceles result from cystic dilation of the efferent 
ductules, the tubules of the rete testis, or the aberrant ducts. 
Cysts may become large, with thin walls. Cloudy fluid pres- 
ent in spermatoceles is a result of sperm present in the cys- 
tic spaces. The fibromuscular walls are lined by cuboidal to 
columnar, sometimes ciliated, epithelium. The epithelial lin- 
ing of long-standing spermatocele may be quite attenuated 
and may resemble a mesothelial or simple squamous layer. !8 
Sometimes they contain papillary proliferations lined by 
benign epithelial cells." Calcification may occur.!® Clusters 
of small blue cells have been reported in spermatocele and 
hydrocele specimens. They may represent sloughed rete tes- 
tis epithelium and they may mimic the appearance of small 
cell carcinoma.'*! Bland nuclei, lack of mitotic figures, and 
lack of staining with neuroendocrine markers are features 
indicative of benign epithelium. 


Dermoid and Epidermoid Cysts 


Epidermoid cysts are rare in the paratestis.'*? They pres- 
ent either incidentally during hernia repair procedures or 
as painless enlarging masses located in the spermatic cord. 
They are lined by keratinizing squamous epithelium and con- 
tain intracystic keratinous debris. Dermoid cysts have also 
been reported in the spermatic cord.!®!5 They contain skin 
appendage structures in addition to squamous epithelium. 

Most epidermoid and dermoid cysts are considered 
benign neoplasms, in contrast to teratomas. Some epider- 
moid cysts may represent a metaplastic process derived from 
mesothelium. The possibility of extension or metastasis 
from a tumor in the testis should be excluded before making 
this diagnosis. 


Hydrocele (Acquired) 


A hydrocele is a fluid accumulation between the visceral 
and parietal layers of the tunica vaginalis. Congenital hydro- 
celes have been discussed above (congenital abnormali- 
ties). Acquired hydroceles may be idiopathic or secondary 
to infections or neoplasms (Box 13-2). They represent the 
most common cause of painless scrotal swelling. They form 
over time, and neoplasm should be excluded in the case of a 
rapid formation of a hydrocele. Hydroceles usually transil- 
luminate, except in cases where the tunica vaginalis is thick- 
ened. Ultrasound shows an anechoic fluid collection. The 
pathogenesis of acquired hydroceles reflects an imbalance 
between fluid secretion and resorption in the tunica vagina- 
lis.! Defective lymphatic drainage has been suggested as a 
cause of hydroceles.'** 
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Chronic hydroceles may become inflamed, with a 
proliferation of fibrous tissue. The testis may become adher- 
ent to the parietal tunica vaginalis. These features may mimic 
neoplasms clinically.**°*° The resulting mass-like lesions 
may be more than twice the normal size of the normal testis, 
but they are diffuse and symmetrical.” Patients in one series 
of nine patients ranged from 22 to 88 years of age. Most 
patients had hydroceles that were excised because of the 
clinical similarity to neoplasms.“ Microscopic examination 
showed features typical of a reactive process, including 
mesothelial hyperplasia with fibrosis and some chronic 
inflammation.’ Organizing hemorrhage in a hydrocele may 
also simulate a neoplasm until it is examined microscopically. 


Hematocele 


Hematoceles represent collections of blood in the tunica 
vaginalis. They may be acute or chronic, and they may have 
a mass effect. Causes include trauma, torsion, tumor, and 
surgery (Box 13-2). Varicoceles may be present, and minor 
trauma may cause rupture of one of the dilated blood ves- 
sels.” Patients present with a mass and scrotal pain. Most 
hematoceles resolve spontaneously with conservative ther- 
apy, but some may become fibrotic and calcified.'*” 


Endometriosis 


Endometriosis has been reported in an elderly man who pre- 
sented with a mass in the tail of the epididymis on a follow- 
up examination after taking diethylstilbestrol for 3 years for 
prostate carcinoma. On gross examination, a 5-cm mass was 
present between the vas deferens and the tail of the epididy- 
mis. Microscopic examination showed tubular glands lined 
by columnar to cuboidal epithelium without atypia. The 
glands were surrounded by stroma typical of that normally 
seen in the endometrium. 


Prostatic-Type Glands 


Prostatic-type glands have been found rarely in the epididy- 
mis." One example was found incidentally in a grossly 
normal epididymis in a 30-year-old man.'** The glands dis- 
played the two cell layers normally seen in prostate glands. 
While these glands were different from the epididymal gland 
epithelium, there was a focal transition from epididymal 
ducts to the prostatic epithelium. The prostate glands stained 
positively for prostatic acid phosphatase (PAP) and prostate- 
specific antigen (PSA), but some epididymal duct tissue was 
also positive with these markers. The lesion probably repre- 
sents prostatic metaplasia in the epididymis rather than true 
ectopic prostate glands.'**'°° 


Metanephric Dysplastic Hamartoma 


There is one report of metanephric dysplastic hamartoma 
presenting as an epididymal mass in an 18-month-old boy. 
Blastema associated with papillae, glomeruloid struc- 
tures, and dysplastic tubules were seen on microscopic 


examination. This lesion must be distinguished from the 
rare Wilms tumors that have been reported in the parates- 
ticular region. 


Rosai-Dorfman Disease 


A few cases of Rosai-Dorfman disease (sinus histiocytosis 
with massive lymphadenopathy) have been described in 
the epididymis.'’® Patients may be either children or adults, 
and lymph nodes are also often involved.° This process may 
result in nodules, or it may diffusely involve the epididy- 
mis. Microscopic examination shows sheets of histiocytes 
that contain oval nuclei and abundant pale cytoplasm with 
poorly defined cell borders. The histiocytes may contain 
phagocytosed lymphocytes, plasma cells, neutrophils, and 
erythrocytes. 


Calcification, Bone, and Cartilage 


An autopsy study of testes and associated rete testes showed 
a rare lesion called “nodular proliferation of calcifying con- 
nective tissue in the rete testis”!®' in three men with histories 
of myocardial infarction. Polypoid projections in the rete 
spaces had connective tissue cores with calcification and 
were covered by benign, flattened epithelial cells. 

Calcification may cause firm nodules in the epididymis, 
usually associated with sperm granuloma, filarial infec- 
tion, or tuberculosis.'” Calcification of the epididymis may 
also be seen in patients on hemodialysis.'* Two cases of 
heterotopic bone trabeculae in the epididymis have been 
reported.'*'™ Cartilage has also been seen in the epididymis 
of infants.'° 

Calcification of the seminal vesicles and vasa deferen- 
tia may indicate systemic disease.'®° This lesion may be 
associated with diabetes, uremia with secondary hyper- 
parathyroidism, prostatitis, infections (tuberculosis, schis- 
tosomiasis, gonorrhoea), and congenital abnormalities. 
Bilateral calcification of the vas deferens has been reported 
in a hemodialysis patient'” and, rarely, the condition is 
idiopathic. 


Amyloidosis 


One histochemical and ultrastructural study of six men with 
secondary amyloidosis showed amyloid deposits in the walls 
of the blood vessels of the epididymis and spermatic cord.’ 
Localized amyloidosis involving vasa deferentia has been 
described in two patients with prostate carcinoma.'” 


Inflammatory Myofibroblastic Tumor 
(Synonyms: Also Called Inflammatory 
Pseudotumor, Pseudosarcomatous 
Myofibroblastic Proliferation, and 
Proliferative Funiculitis) 


Inflammatory myofibroblastic tumor and related lesions in 
the paratestis occur most often in the spermatic cord,°*'7""'° 
but isolated cases have also been reported in the rete testis 
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Figure 13-13 E Inflammatory myofibroblastic tumor. A: Gross photograph showing circumscribed paratesticular tan tumor-like nod- 
ule; B: Note dense fibroblastic connective tissue and chronic inflammation adjacent to mesothelial lined space. Sclerosis is often present in 


long-standing cases. 


and epididymis.'7''” They may present as mass lesions, or 
they may be incidental findings in inguinal hernia specimens. 
Some of these lesions in the epididymis may be a reaction to 
torsion and chronic ischemia. "176 

These lesions are usually gray or tan, firm nodules that 
are <3 cm in size, although an occasional lesion has mea- 
sured 7 cm.° Some are well circumscribed (Fig. 13-13), 
but many are poorly demarcated. Areas of hemorrhage 
or cystic change may occur rarely. Inflammatory myofi- 
broblastic tumors are composed of tapering spindle to 
stellate-shaped cells with vesicular nuclei and eosinophilic 
cytoplasm. The stroma is fibrous or myxoid. Cellularity 
varies in different parts of the lesions and may be greater 
in the central portion of the lesion. Inflammatory and giant 
cells may cause the lesion to resemble fasciitis seen else- 
where in the body.* Hyalinized fibrous tissue characteristi- 
cally surrounds blood vessels. The mitotic rate is usually 
low, although torsion has been associated with greater 
numbers of mitotic figures.' Atypical mitotic figures 
are not present. It is possible that these lesions may prog- 
ress to the densely collagenous and hyalinized “fibrous 
pseudotumors.”> Immunohistochemical stains performed 
on inflammatory myofibroblastic tumors show cells will 
be of myofibroblastic phenotype; stains may be positive 
for actins, vimentin, desmin, and sometimes keratin,** 
although these stains are not usually necessary for diag- 
nosis of this lesion. 

The differential diagnosis of inflammatory pseudotumors 
includes rhabdomyosarcoma, leiomyosarcoma, sclerosing 
liposarcoma, malignant fibrous histiocytoma, and spindle 
cell mesothelioma. The bland cytologic features, low mitotic 
rate, lack of atypical mitoses, and overall resemblance to fas- 
ciitis are features that are helpful in recognizing the reactive 
nature of this lesion and distinguishing it from malignant 
neoplasms. 


Fibrous Pseudotumor (Synonyms: Called 
Fibromatous Periorchitis, Nodular Periorchitis 
Additional Synonyms: Chronic Periorchitis, 
Proliferative Funiculitis, Fibrous Proliferation 
of Tunics, Fibroma, Nonspecific Testicular 
Fibrosis, Nodular Fibrous Periorchitis, 
Nodular Fibrous Pseudotumor, Inflammatory 
Pseudotumor, Reactive Periorchitis, 
Pseudofibromatous Periorchitis) 


Paratesticular fibrous pseudotumors present as mass 
lesions. They are most often seen in the third decade of 
life,'7”'"8 but one case has been reported in a 5-year-old 
boy.'” One patient had retroperitoneal fibrosis, one had 
Gorlin syndrome,'* and one lesion was associated with 
testicular infarction.'®! After adenomatoid tumors, these 
lesions represent the most common cause of masses in 
the paratestis. Patients have single or multiple nodules 
or plaques in the tunica vaginalis,'**'*? epididymis,'**!* 
or spermatic cord, and the nodules range from 0.5 to 


FIGURE 


13-14 E Fibroma of the tunica vaginalis. Gross 
photograph showing extensive involvement of tunica vaginalis by 
white nodular fibrous tissue. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


820 Urological Pathology 
8 cm'” (Fig. 13-14). In a diffuse form, dense fibrous tissue 
involves the tunica vaginalis. 

Microscopically, this lesion is characterized by dense, hya- 
linized, fibrous tissue often containing lymphocytes and plasma 
cells with occasional germinal centers.'** Calcification and 
ossification may occur.'*’ Three histologic types of fibrous 
pseudotumor have been recently described,'** although this sub- 
classification is mainly of academic interest. Plaque-like lesions 
have dense fibrous stroma without significant inflammation, 
inflammatory sclerotic pseudotumors contain dense fibrous 
tissue with significant inflammation and myofibroblastic lesions 
have reactive appearing cells with numerous capillaries and 
sparse chronic inflammation.'** Paratesticular fibrous pseudotu- 
mor does not display significant nuclear atypia, mitotic activity, 
or necrosis. The differential diagnosis of paratesticular fibrous 
pseudotumor includes solitary fibrous tumor, leiomyoma, fibro- 
matosis, spindle cell mesothelioma, and neurofibroma.'** 

Immunohistochemical stains performed on paratesticular 
fibrous pseudotumors display positive staining for smooth 
muscle actin in more than 80% of cases.'** Surprisingly, 
stains for cytokeratin, calretinin, and CD34 are positive in 
about half of the cases.'** All cases in a recent study were 
negative for B-catenin and ALK-1, and these lesions have a 
very low proliferation index as measured by Ki-67 staining.'** 

Potential cells of origin include myofibroblasts and 
submesothelial stromal cells, but paratesticular fibrous pseu- 
dotumors may be a nonspecific pattern resulting from a vari- 
ety of pathogenetic processes.'*’ Past histories of trauma, 
surgery, infection, and inflamed hydroceles in some patients 
suggest a reactive etiology,®*'® although some patients have 
no such prior events. Some fibrous pseudotumors are thought 
to represent an advanced stage of inflammatory pseudotu- 
mors.'**-'77!° Paratesticular fibrous pseudotumors are benign 
lesions, and local excision is curative. 


“Tumor” of the Adrenogenital Syndrome 
and Related Lesions 


This lesion develops in the paratesticular region of men with 
the adrenogenital syndrome who are not adequately treated, 
especially men with the salt-losing form of the syndrome. 
Nodules of steroid-type cells may occur in the epididymis, the 
spermatic cord, or the tunica albuginea.**'°''*3 The parates- 
ticular lesions may either extend from testicular nodules or be 
separate dark brown nodules measuring up to 1.5 cm in diam- 
eter. Sometimes, fibrous septa are present in the nodules. 
The microscopic appearance of these lesions is quite charac- 
teristic. Paratesticular nodules of steroid type cells are present. 
Bands of fibrous tissue and focal nuclear atypia are also seen. 

Five cases of rete testis—associated nodular steroid cell 
nests associated with the rete testis have recently been 
reported.'** They are discrete conspicuous, unencapsulated 
nodules with vascular sinusoids between nests or cords of 
cells. They display strong melan A immunostaining, absent- 
to-weak inhibin staining and absent-to-moderate calretinin 


expression, in contrast to interstitial Leydig cells and 
testicular adnexal Leydig cells (TTAGS). The cells in rete 
testis—associated nodular steroid nests have been postulated 
to represent the precursor of testicular tumors of the adreno- 
genital syndrome." 

Patients with Nelson syndrome have ACTH-secreting 
pituitary adenomas following bilateral adrenalectomy for 
Cushing syndrome. These patients may also develop para- 
testicular steroid cell nodules.*”!">!"° All reported cases have 
been bilateral, with nodules ranging up to 5.5 cm in diam- 
eter. °! They may produce cortisol and result in recurrence 
of Cushing syndrome. Gross and microscopic features are 
similar to those seen in patients with the adrenogenital syn- 
drome. Bilateral small steroid cell nodules have also been 
described in children with Cushing syndrome and nodular 
hyperplasia of the adrenal cortex.**!°’ They also have the 
same morphologic characteristics as the nodules associated 
with the adrenogenital syndrome. 

Some masses of paratesticular steroid cells may also 
develop by stimulation of ectopic adrenocortical tissue found 
in about 10% of infants and some older patients.53435-198199 


Hyperplasias 


Hyperplasia of the Rete Testis (Synonym: Also 
Called Adenomatous Hyperplasia) 


Hyperplasia of the rete testis includes both epithelial hyper- 
plasia and smooth muscle hyperplasia. Epithelial hyperplasia 
may be real or apparent, so-called rete testis prominence.” 
The cause of rete testis hyperplasia is not clear, but it may 
reflect hormonal factors including estrogen effect." Mice 
exposed in utero to DES have developed rete hyperplasia.” 
Cryptorchidism, thought to be related to abnormalities of the 
hypothalamic-—pituitary—testicular hormonal axis, is associ- 
ated with both testicular atrophy and rete testis hyperpla- 
sia.?™™ One reported patient had been treated with DES for 15 
months and androgen blockade for 19 months before diagno- 
sis of rete testis hyperplasia.*"' Increased numbers and strati- 
fication of rete epithelial cells has also been described after 
estrogen therapy in male-to-female transsexual patients.?” 
Columnar change of the rete epithelium has been associated 
with chronic liver failure,” further supporting a hormonal 
basis for hyperplasia of the rete testis. Rete testis hyperpla- 
sia may also be associated with testicular atrophy and hypo- 
spermatogenesis. '*!870!%206 There is no clear dividing line 
between prominent rete testis associated with testicular atro- 
phy and true rete hyperplasia. Rete hyperplasia may also be 
associated with epididymal cribriform change." It has also 
been described in a child with bilateral renal dysplasia?” and 
in patients with carcinoma of the prostate”. and breast.” 
Some authors have proposed separating hyperplasia of 
the rete testis into two types: congenital and acquired.?” 
Lesions associated with cryptorchid testes, as well as some 
that are associated with testicular germ cell tumors, are 
included in the congenital group. Cases related to chemical 
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agents, some hormonal changes such as androgen blockage, 
and most lesions related to testicular germ cell tumors are 
considered acquired hyperplasias. 

Nine patients in one study of rete testis hyperplasia 
ranged in age from 30 to 74 years of age (mean 59 years). 
Three patients presented with a clinically identifiable solid 
or cystic testicular hilar mass; however, the lesion is more 
likely to be an incidental finding. Rete testis hyperplasia may 
be multinodular and/or bilateral. 

Two histologic types of rete testis hyperplasia have been 
described. Adenomatous hyperplasia (Fig. 13-15) displays 
a complex focal or diffuse interconnecting labyrinth of 
tubulopapillary channels that may be cystically dilated?” 
Gland lumina may be empty or they may contain either 
sperm or eosinophilic secretions. A second type of rete tes- 
tis hyperplasia represents an incidental finding in patients 
with testicular germ cell tumors. This lesion is character- 
ized by a focal or diffuse epithelial proliferation within 
dilated rete testis spaces (Fig. 13-16). Hyaline globules 
within the hyperplastic rete epithelium may simulate the 
appearance of yolk sac tumor. Cells of rete hyperplasia are 
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FiGurRE 13-15 Œ Adenomatous hyperplasia of rete testis. 
Complex, interconnecting proliferation of tubular channels with 
and without cystic dilation, low power (A, B). The lining cells are 
cuboidal to low columnar with innocuous cytology (C). (Reprinted 
from Amin MB. Selected other problematic testicular and parates- 
ticular lesions: rete testis neoplasms and pseudotumors, mesothelial 
lesions and secondary tumors. Mod Pathol 2005;18:S131-S145, 
with permission.) 


cuboidal, with pale, eosinophilic cytoplasm and round to 
oval, uniform nuclei. There is no cytologic atypia, necro- 
sis, or mitotic activity. Epithelial cells stain positively for 
cytokeratin and epithelial membrane antigen, and the mes- 
enchyme between the hyperplastic tubules displays variable 
staining for vimentin, muscle-specific actin, desmin, and 
S-100 protein.” Ultrastructural examination of the epithe- 
lial cells shows intracellular junctions and complex inter- 
digitation of cell membranes.” Important indicators of the 
benign, reactive nature of this lesion are overall conforma- 
tion to the normal branching tubular architecture of the rete 
testis and its continuity with nonhyperplastic rete testicular 
tubules. 

Rete testis hyperplasia may resemble a primary or met- 
astatic carcinoma.*!821201.205.208 PSA and PAP stains may 
be useful in distinguishing rete hyperplasia from pros- 
tatic carcinoma.” Testicular germ cell tumors may be 
associated with papillary, squamous, or vacuolated rete 
testis epithelium.” Furthermore, there may be invasive 
or intraepithelial pagetoid spread of the germ cell tumor 
in the rete testis.?7!°?'3 Immunohistochemical stains for 
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germ cell tumors can resolve any diagnostic confusion.”!* 


Rete testis hyperplasia may contain eosinophilic hyaline 
globules that are PAS-positive and may stain for alpha- 
l-anti-trypsin, but they are alpha-fetoprotein negative. 
They may contain proteins absorbed from the rete lumen 
by lining epithelial cells.” Rete hyperplasia with hyaline 
globules needs to be distinguished from the many and 
various morphologic patterns of yolk sac tumor.?!°?'> One 
case of rete testis hyperplasia with hyaline globules also 
had eosinophilic basement membrane material between 
the hyperplastic rete epithelial cells, simulating the pari- 
etal type of yolk sac tumor.”'°?!> Papillary adenoma of the 
rete testis, a small lesion that is usually identified inci- 
dentally in the testicular hilum at the time of microscopic 
examination, also needs to be distinguished from rete 
testis hyperplasia. 


Cribriform Hyperplasia and Atypical Nuclei in 
the Epididymis 


The normal epididymis, which usually has a simple colum- 
nar epithelium, may display a cribriform epithelial pattern 
(Fig. 13-17).'5!° The cribriform change is usually focal but 
can sometimes be more extensive raising the possibility of 
hyperplasia, although the latter has not been well defined in 
the epididymis. The incidence of this histologic finding has 
ranged from 8% to 50% in the literature.'>'> Intratubular 
confinement of the cribriform epithelium and lack of mitotic 
activity or cytologic atypia are features that are helpful in 
distinguishing this architectural variant from epididymal 
carcinoma. 

Enlarged and atypical nuclei similar to those seen in 
the seminal vesicles may also occur in the efferent duct- 
ules, ductus epididymis,’ and vas deferens. This cytologic 
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a associated with germ cell tumor. Hyperplastic rete epithelium fills expanded channels (low 
power) (A). Seminoma associated with rete testis hyperplasia (B). Hyperplastic rete epithelium shows intracytoplasmic and extracellular 
hyaline globules that result in an appearance simulating yolk sac tumor. If misinterpreted as such, this would lead a pure seminoma to be 
diagnosed as a mixed germ cell tumor with seminoma and yolk sac tumor components. (Reprinted from Amin MB. Selected other prob- 
lematic testicular and paratesticular lesions: rete testis neoplasms and pseudotumor, mesothelial lesions and secondary tumors. Mod Pathol 
2005;18:S131—S145, with permission.) 


atypia has been attributed to fusion of epithelial cells 
into multinucleated giant cells that then form large pyk- 
notic nuclei.** These atypical nuclei are more frequently 
encountered in older patients and are not associated with 
any systemic disease, but the association with age sup- 
ports a hormonal or degenerative process.* This is a focal 
or spotty process, and the atypical nuclei may contain 
cytoplasmic pseudoinclusions, but there are no mitotic 
figures. 


Reactive Mesothelial Hyperplasia 


Reactive mesothelial hyperplasia is an uncommon lesion 
that may be associated with hydrocele, hematocele, hernia 
sacs, and paratesticular fibrous pseudotumors.!*!?!7 It is 
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Figure 13-17 E Cribriform architecture in the epididymis. 
The cells are cuboidal or columnar. There are no mitotic figures. 
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usually an incidental histologic finding in those lesions, and 
it appears to be a response to serosal injury.” Mesothelial 
hyperplasia usually displays submesothelial aggregates of 
mesothelial cells that are well circumscribed and surrounded 
by fibrous tissue.” Small papillary structures and solid nod- 
ules of mesothelial cells may also protrude into the lumen of 
the involved structure. Most cases show no cytologic atypia, 
but nuclear atypia and rare mitoses?" are present in some 
cases. The combination of the mesothelial proliferation and 
submesothelial fibrosis may result in clusters of mesothe- 
lial cells or small glands being trapped in fibrous tissue in a 
pseudoinvasive pattern. The overall proliferation, however, 
has a linear distribution without destructive invasion of the 
underlying tissue (Fig. 13-18). 

Reactive mesothelial hyperplasia must be distinguished 
from well-differentiated papillary mesothelioma, malignant 
mesothelioma, paratesticular serous tumors, and metastatic 
adenocarcinoma. Reactive mesothelial hyperplasia lacks the 
significant cytologic atypia and invasive or complex destruc- 
tive tubulopapillary pattern seen in malignant tumors,'“ 
and it often contains inflammatory cells. It does not form 
a mass lesion. A desmin immunohistochemical stain may 
be useful in differential diagnosis because it stains reactive 
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FiGuRE 13-18 W Reactive mesothelial hyperplasia with 
mesothelial entrapment occurring in a background of organizing 
hematocele. Low-power observation of linear disposition of tubules 
rather than a haphazard infiltrative growth is an important feature to 
recognize (A). Higher power shows small reactive tubulopapillary 
mesothelial clusters with retraction artifact that may mimic vas- 
cular invasion (B). Immunohistochemical stain for WT1 confirms 
the mesothelial nature of the proliferation (C). (Reprinted from 
Amin MB. Selected other problematic testicular and paratesticu- 
lar lesions: rete testis neoplasms and pseudotumors, mesothelial 
lesions and secondary tumors. Mod Pathol 2005;18:S131-S145, 
with permission.) 


mesothelial cells but not malignant mesothelial prolifera- 
tions.” The presence of mesothelial immunohistochemical 
markers’? and the lack of an invasive pattern are useful in 
excluding adenocarcinoma. 


Smooth Muscle Hyperplasia 


Smooth muscle hyperplasia of the testicular adnexa repre- 
sents an idiopathic overgrowth of muscle normally pres- 
ent in the paratesticular region. It proliferates around or 
between normal structures.”! The largest series of these 
unusual lesions reported 16 cases that involved the epididy- 
mis, the spermatic cord, the tunica vaginalis, and the tunica 
albuginea.””! 

Smooth muscle hyperplasia in the paratestis has been 
seen in adults between 46 and 81 years of age.’ All patients 
presented with palpable intrascrotal mass lesions ranging 
from a few millimeters to several centimeters in diameter. 
The average size was 2.5 cm, but some of these masses mea- 
sured up to 7 cm in diameter. Some were nodular or fusiform 
masses, whereas others were more poorly defined thicken- 
ings of paratesticular structures. Gross examination showed 
firm gray to white cut surfaces.** Microscopic examination 
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revealed a diffuse or nodular increase in smooth muscle that 
displayed a perivascular, periductal or interstitial location.””! 
No inflammatory infiltrate or mitotic figures were seen in the 
smooth muscle hyperplasia. The well-circumscribed archi- 
tecture seen in leiomyomas was not present. Proliferations of 
smooth muscle surrounded the vas deferens and epididymal 
ducts. This lesion was associated with vasitis nodosa, inter- 
stitial fibrosis, calcium deposition, and duct ectasia in some 
cases. One case of simultaneous leiomyoma and contralat- 
eral smooth muscle hyperplasia of the epididymis has been 
reported.” A complex cystic mass of the rete testis associ- 
ated with smooth muscle hyperplasia and myxoid stroma 
containing Leydig cells has also been described in a 26-year- 
old man.” Smooth muscle hyperplasia of paratesticular 
structures is a benign lesion that does not recur after excision. 


Multicystic Mass of Probable Wolffian Origin 


A multicystic mass of presumed wolffian origin in the para- 
testis displayed multiple cysts lined by cuboidal to columnar 
epithelium and surrounded by strands of smooth muscle and 
was considered to represent cystic hyperplasia of wolffian 
duct remnants.?”4 


NEOPLASMS OF THE PARATESTICULAR REGION 9) 


Epithelial Tumors 


Rete Testis and Epididymis— General 
Considerations 


Primary tumors of the rete testis are rare. Pagetoid or direct 
stromal extension of tumors from the testis and metastatic 
tumor from other sites are seen more commonly than pri- 
mary rete testis tumors. Primary tumors are seen in the hilar 
aspect of the testis and are continuous with the branching 
channels of the normal rete. The hilar location is apparent in 
small tumors. The site of origin of larger neoplasms may not 
be apparent on gross examination. 

Only 5% of intrascrotal neoplasms arise in the epididy- 
mis.” One large series of epididymal tumors found that 
75% were benign and 25% were malignant.””° The most 
common tumor seen in the epididymis is adenomatoid 
tumor. Papillary cystadenomas, leiomyomas, and lipo- 
mas also occur at this site." Most primary malignant 
tumors of the epididymis are sarcomas, but carcinomas, 
primary germ cell tumors and metastatic tumors may be 
encountered.””?”8 


Benign Tumors of the Rete Testis 


Benign epithelial tumors of the rete testis are rare. They 
have been called adenomas,” benign papillary tumors,”*° 
cystadenomas,”' papillary cystadenomas,”” and adenofibro- 
mas.” These neoplasms have occurred in patients between 
12 and 51 years of age; the average age has been 26 years. 
Patients with these tumors have unilateral scrotal masses. 


These tumors are well-circumscribed, usually solid masses 
of the rete testis. Cystic and mixed cystic and solid masses 
also occur.”*' Tumors range from 1.5 to 3.6 cm in diameter.”! 
Smaller tumors may be incidentally found during micro- 
scopic examination of the rete testis. Microscopic examina- 
tion shows cysts and intracystic papillary structures lined by 
cuboidal cells without atypia or mitotic figures. A transition 
with normal rete channels is helpful in making the diagno- 
sis. A rare adenofibroma has been reported.’ It displayed 
a fibrous tissue component in addition to short tubules and 
longer slit-like spaces lined by cells similar to those of the 
normal rete testis. 

Five cases of sertoliform rete cystadenoma?!*3!?*4 have 
all contained solid tubules resembling those seen in tes- 
ticular Sertoli cell tumors (Fig. 13-19). The similar appear- 
ance of solid tubules in sertoliform rete cystadenomas and 
Sertoli cell tumors of the testis reflects the common sex cord 
embryogenesis of the rete testis and testicular sex cord ele- 
ments.” One sertoliform rete cystadenoma showed small 
areas of tumor at the junction of the rete with the seminifer- 
ous tubules.’ Some authors”! have suggested that the origin 
of sertoliform cystadenomas is from the “transition zone” 
between rete and seminiferous tubules. Since both anatomic 
structures develop from gonadal sex cord tissue, cells in 
the rete testis near the seminiferous tubules may have the 
capacity to differentiate toward Sertoli cells. The presence 
of inhibin positivity in one tumor! further supports this 
hypothesis. It is important to distinguish primary rete testis 
tumors from secondary rete involvement by adjacent Sertoli 
cell tumors of the testis.“° Location of the tumor in the rete 
testis only, not accompanied by a coexisting testicular Sertoli 
cell tumor, a noninvasive growth pattern, and lack of nodular 
aggregates of cells are features supportive of a primary rete 
testis tumor.*! Inhibin staining is not helpful in distinguish- 
ing between rete testis cystadenomas and testicular Sertoli 
cell tumors, since it stains both tumors.”! 


Benign Tumors of the Epididymis 


237-239 240 


Papillary cystadenomas and cystadenofibromas*” are 
benign tumors that occur in men from 16 to 65 years of age 
(mean 36 years). They usually present as palpable, nonpain- 
ful masses in the head of the epididymis.” About one- 
third of epididymal tumors are papillary cystadenomas, and 
about two-third of these occur in patients with von Hippel- 
Lindau syndrome.”**°4!* More than half of patients with 
this syndrome develop unilateral or bilateral epididymal 
cystadenomas,”*’ and the cystadenoma may be the initial sign 
of the syndrome.” Most bilateral tumors are associated with 
von Hippel-Lindau syndrome***?*?4'43 but some bilateral 
tumors are nonsyndromic.”***44 Most patients developing 
epididymal cystadenomas in the absence of von Hippel- 
Lindau syndrome have unilateral tumors.***4!** A molecu- 
lar pathology analysis of epididymal cystadenomas collected 
from von Hippel-Lindau patients at autopsy demonstrated 
that these lesions are true neoplasms that arise following a 
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sequence of inactivation of the wild-type copy of the von 
Hippel-Lindau gene, and activation of hypoxia-inducible fac- 
tor.” The epididymal cystadenomas in von Hippel-Lindau 
patients are thought by some authors to evolve from a subset 
of microscopic epithelial tumorlets in the efferent ductular 
system.” Sporadic tumors do show a mutation in the von 
Hippel-Lindau gene,“ and some authors have suggested 
that unilateral, sporadic epididymal cystadenomas represent 
a forme fruste of this disease.*' Epididymal cystadenomas 
may cause infertility and obstructive azoospermia.2?-48? 
On gross examination, epididymal cystadenomas are 
well-circumscribed masses in the head of the epididymis. 
Most are relatively small, but sizes as large as 5 cm have 
been reported.”! These tumors may be solid, cystic, or par- 
tially cystic, and they are usually gray-tan in color.” 
Small, fluid filled cysts may be seen on cut sections.” 
Microscopic examination reveals tubules, cysts, and 
papillary structures lined by one or two layers of bland, 
cuboidal to columnar epithelial cells that may be ciliated 
(Fig. 13-20).737?382 Cystic fluid or an eosinophilic colloid 
material may be present. The cells lining this lesion have vac- 
uolated or clear cytoplasm that contains glycogen.” Efferent 
ductules may be ecstatic.” Solid cores of clear cells may be 
present in the cyst walls.?! While the epithelium of this tumor 
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Figure 13-19 E Sertoliform cystadenoma of the rete testis. 
The neoplasm expands the native rete. Low power (A). Elongated 
trabeculae and solid tubules of tumor resembling a Sertoli cell tumor 
(B). Inhibin positivity (C). Note the nonneoplastic rete epithelium 
is also positive for inhibin. (Reprinted from Amin MB. Selected 
other problematic testicular and paratesticular lesions: rete testis 
neoplasms and pseudotumors, mesothelial lesions and secondary 
tumors. Mod Pathol 2005;18:S131—S145, with permission.) 


contains glycogen*****> and fat,“ mucin is not present.?*® 
> 


Cytokeratin, epithelial membrane antigen, and carcinoem- 
bryonic antigen all are positive in the tumor cells.” 

The papillary cystadenomas of the epididymis generally 
have a characteristic appearance, and the diagnosis is usually 
straightforward. However, it is important not to confuse pap- 
illary cystadenoma composed of cells with clear cytoplasm 
with clear cell carcinoma of the epididymis. Cystadenomas 
lack the invasive pattern, nuclear atypia, and mitoses seen 
in clear cell carcinoma. Metastatic renal cell carcinoma 
may metastasize to the paratesticular region, but the promi- 
nent thin-walled blood vessels characteristically situated 
between nests of clear cell carcinoma of the kidney are not 
seen in epididymal cystadenomas. Immunohistochemical 
stains performed on epididymal cystadenomas are nega- 
tive for RCC antigen and CD10, in contrast to renal cell 
carcinomas.”? 


Benign Ovarian-Type Epithelial Tumors 


Ovarian-type epithelial tumors occur infrequently in the para- 
testicular region, and they are identical to their more frequent 
counterparts in the ovary. Benign ovarian-type epithelial 
tumors include serous cystadenoma, mucinous cystadenoma, 
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Figure 13-20 W Papillary cystadenoma of epididymis. A: Note tightly packed papillae lined by small cuboidal cells with clear 


LS B 


cytoplasm; (B) cuboidal epithelial cells with small uniform nuclei and clear cytoplasm are seen. (Images courtesy of Dr Jonathan Epstein, 


Baltimore, MD.) 


and Brenner tumor. Ovarian-type epithelial tumors are usually 
seen in adults, and they typically present as mass lesions.’ 

Two serous cystadenomas of ovarian type have been 
reported in the epididymis.”*'!”* These are cystic lesions 
that may be surrounded by ovarian-type stroma. These cysts 
are often translucent and thin-walled. They typically have 
smooth linings, but a few blunt, club-shaped papillary pro- 
cesses may occur. Microscopically, the cysts are lined by 
a single layer of ciliated cells that suggest derivation from 
miillerian duct remnants. There is no epithelial stratification, 
tufting, or atypia in these lesions. Immunohistochemical 
stains are not necessary for the diagnosis of serous cystad- 
enomas, and the ciliated lining distinguishes serous lesions 
from mesothelial cysts. The presence of ovarian stroma asso- 
ciated with benign serous tumors is not seen in epididymal 
cysts, which also may contain ciliated epithelium. 

Paratesticular mucinous cystadenomas have been 
reported adjacent to the testis and in the spermatic cord.” 
Mucinous cystadenomas are cystic lesions that are usually 
translucent on gross examination. They may be multilocu- 
lar, but they do not contain solid or necrotic areas. They are 
usually lined by a single layer of endocervical-type muci- 
nous epithelium that does not display tufting, stratification, 
atypia, or mitoses, but one paratesticular mucinous cystad- 
enoma has been lined by intestinal-type mucinous epithe- 
lium.’ One reported case had smooth muscle in its wall and 
had ruptured, with mucin extravasation.’ The diagnosis is 
straightforward if one remembers that ovarian type lesion 
can arise in the paratesticular region. Immunohistochemical 
stains are not of much use. The etiology of benign muci- 
nous tumors of the paratesticular region has been a topic of 
debate. Origin of a mucinous cystadenoma from the ovarian 
component of a dysgenetic gonad has been considered,” but 
these lesions may also arise from metaplastic mesothelium, 
from miillerian remnants, or from the mucinous compo- 
nents of teratomas.”™ 


Brenner tumors of the paratesticular region are firm, 
white or tan masses that are predominantly solid, but they 
may contain scattered small cystic spaces. Microscopic 
examination reveals fibrous stroma surrounding nests of 
urothelial-type epithelium that often contain longitudinal 
nuclear grooves (Fig. 13-21). Cystic spaces lined by colum- 
nar or cuboidal mucinous epithelial cells may be present 
within the epithelial nests. The diagnosis is straightforward, 
and no ancillary studies are necessary. Brenner tumors most 
likely arise from metaplastic mesothelium, where Walthard 
cell nests also occur.*'°° It is not unusual to find Walthard 
cell nests in the mesothelium at the junction of the testis and 
epididymis. A Brenner tumor associated with an adenoma- 
toid tumor has been reported, further supporting derivation 
of Brenner tumors from mesothelium.’ 


Malignant Epithelial Neoplasms 
Carcinoma of the Rete Testis 


Primary carcinomas of the rete testis are rare tumors, 
although they are more common than benign rete testis 
tumors.°$?°° They have been reported only in Caucasian 
men. While patients have ranged from 8 to 91 years of 
age, 70% of reported cases have been in men over the age 
of 60 years.?!°°?6 Both rete testes are involved with equal 
frequency. Most patients present with scrotal pain or swell- 
ing. Some have clinical features suggesting inflamma- 
tory disorders such as epididymitis rather than a mass 
lesion,”°°?! and a clinical presentation that does not suggest 
neoplasm may delay the correct diagnosis. One quarter of 
reported cases have been associated with a hydrocele??” 
that may mask the underlying tumor and delay detection of 
the neoplasm.” Since the tumor is most often located 
on the posterior aspect of the testis, it may be difficult to 
palpate. Patients with advanced neoplasm may have tumor 
nodules occur on the scrotal skin, penis, or the perineum,”” 
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and draining sinuses may occur% in some patients. The 
prognosis for patients with adenocarcinoma of the rete tes- 
tis is very poor. The average survival is 8 months, although 
survival of over 4 years has been reported.” The etiology of 
these neoplasms is not clear. Carcinomas do not arise from 
cystadenomas, although there is one report of a patient with 
a history of rete testis hyperplasia who subsequently devel- 
oped a rete adenocarcinoma.” Some younger patients have 
had a history of testicular maldescent,”°’ and one case has 
been associated with asbestos exposure.” 

It is likely that some tumors formerly diagnosed as rete 
testis carcinomas actually represent other entities such as 
serous neoplasms. Nochomovitz and Orenstein”? listed five 
criteria for the diagnosis of rete testis tumors: (1) absence of 
tumor with similar histologic features outside the scrotum, 
(2) tumor centered in the testicular hilus, (3) morphologic 
features not consistent with another testicular or parates- 
ticular tumor type, (4) a transition exists between the tumor 
and the normal rete testis, and (5) a predominantly solid 
architecture. More recently, Amin? added the additional 
requirement for immunohistochemical exclusion of other 
paratesticular malignancies, such as malignant mesothe- 
lioma and papillary serous carcinoma. The requirement for 
a predominantly solid architecture is not absolute. We now 
recognize that rete testis carcinomas can have cystic areas, 
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Figure 13-21 E Brenner tumor of testis. Gross appearance of 
multiloculated cystic tumor that replaces the testis (A). Low power 
of cystic component of tumor (B). Solid area shows more charac- 
teristic histology of Brenner tumor (C). (Reprinted from Amin MB. 
Selected other problematic testicular and paratesticular lesions: rete 
testis neoplasms and pseudotumors, mesothelial lesions and sec- 
ondary tumors. Mod Pathol 2005;18:S131—S145, with permission.) 


and that not all cystic rete tumors are of serous derivation, 
although it is likely that some cases reported in the earlier 
literature, especially those with longer survivals, actually 
represent serous tumors.” It may be difficult to see the tran- 
sition between the rete carcinoma and the uninvolved rete 
testis. The first three criteria of Nochomovitz and Orenstein 
and the additional criterion proposed by Amin should be met 
for a diagnosis of rete testis adenocarcinoma.”!?” 

Careful attention should be given to the location of the 
tumor in the hilar region of the testis on gross examination 
of the specimen; this location suggests a rete testis origin for 
the neoplasm. Rete testis carcinomas are most often large 
solid tan masses that range from 6 to up to 12 cm in size.?! 
Rare tumors may have cystic areas°?>?*¢!?68 that contain 
fluid. Areas of hemorrhage and necrosis may be present.’” 
Satellite tumor nodules may be seen in the tunica albuginea. 
About one-third of tumors extend into other paratesticular 
structures, including the spermatic cord,?’?® but spermatic 
cord involvement may be apparent only on microscopic 
examination.7°°7027 

Microscopic examination of these neoplasms shows 
solid, glandular, and papillary nodules of tumor (Fig. 13-22). 
Papillary structures may project into cysts.23760 2626727 
Tubular and glandular structures often have elongated, slit- 
like shapes, or even a sertoliform appearance. A retiform 
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trating adenocarcinoma with a tubulopapillary growth pattern 
associated with fibrous stroma. 


pattern displays elongated and compressed branching 
tubules.” Many neoplasms display confluent growth of 
tumor cells.79°7597636.270 A Kaposiform pattern has been 
described and is mainly solid with scattered very small, slit- 
like channels.” Tumor cells have enlarged, hyperchromatic 
nuclei, but marked pleomorphism is not usually seen. The 
mitotic rate is variable, and areas of necrosis may be pres- 
ent. Tumors with a cellular spindle-cell component have 
been reported.??” Transition between benign rete testis 
epithelium, atypical epithelium, and the carcinoma is help- 
ful in establishing the diagnosis, but it may be difficult to 
identify.2°70077! 

Special stains and immunohistochemical stains are not 
specific for carcinomas of the rete testis, but they are very 
useful in excluding other lesions such as mesothelioma or 
papillary serous carcinoma (Box 13-3). Carcinomas of the 
rete testis do not usually contain mucin. They are diffusely 
reactive for cytokeratin and EMA,”?” even when a spin- 
dle cell component is present in the tumor. CEA has been 
detected in these tumors by some investigators, but not by 
others.” These tumors do not stain for hCG, AFP, 
S-100 protein, Leu-M1, placental alkaline phosphatase, or 
PSA.” Stains for malignant mesothelioma and serous 


Box 13-3 LIKELY IMMUNOHISTOCHEMICAL 


REACTIONS INTUBULOGLANDULAR 
NEOPLASMS* 


WT1+, calretinin+, thrombomodulin+, 
Leu M1-, CEA-, CK7+, CK20 
WT1+, CA 125+, Leu M1+, CEA+, 


Malignant 
mesothelioma 
Papillary serous 


carcinoma calretinin+, thrombomodulin+, CD10+ 
Rete/epididymal CD10+, calretinint, Leu M1+, CEA, 
carcinoma WT1-—, Thrombomodulin+ 
Metastatic Lung (CK7+, CK20-, TTF1+, Leu M1+), 
carcinoma colorectal (CK7—, CK20+, CDX2+, CEA+) 


Prostate (CK7-, CK20—, PSA+, PLAP+) 


*Redrawn from Amin MB. Selected other problematic testicular and 
paratesticular lesions: rete testis neoplasms and pseudotumors, 
mesothelial lesions and secondary tumors. Mod Pathol 2005;18: 
$131-S145, with permission. 


carcinoma should be performed to exclude those possibilities 
before a diagnosis of rete testis adenocarcinoma is made. 
Malignant mesotheliomas are positive for calretinin, WT-1, 
CK5/6, and negative for CEA, Leu-M1, Ber EP4, and B72.3. 
Serous carcinoma stains positively for CA-125 and WT-1. 

Electron microscopic examination of adenocarcinomas 
of the rete testis shows cells with oval to irregular nuclei 
and sometimes deep nuclear indentations. One or two nucle- 
oli are present, and microvilli are variable in number.?°?” 
Cytoplasm contains variable amounts of smooth and rough 
endoplasmic reticulum, rod-shaped mitochondria, and occa- 
sional clusters of tonofilaments, but the Golgi apparatus is 
poorly developed and microvilli lack core rootlets.2°?°?7! 
While lipid and glycogen may be present, mucin vacuoles 
are not identified.?°”? A basement membrane surrounds 
clusters of cells that have complex lateral interdigitations 
with numerous desmosomes.??” 

The differential diagnosis of high-grade tubulopapillary 
carcinoma histology in the testicular mediastinum includes 
rete testis carcinoma, papillary serous carcinoma, malignant 
mesothelioma, metastatic adenocarcinoma, and epididymal 
carcinoma (Box 13-4). Nochomovitz and Orenstein con- 
cluded that many cystic tumors reported as rete carcinomas 
actually represented serous tumors of low malignant poten- 
tial or serous carcinomas.?”/?” The site of origin is dif- 
ferent for the two tumor types, with serous tumors arising in 
the groove between the testis and epididymis and rete carci- 
nomas arising in the testicular hilus.**®”> Both the clinical 
presentation and the histologic features of mesothelioma may 
mimic rete testis carcinoma.”*’” The tumor location is help- 
ful in making the diagnosis. Mesotheliomas typically involve 
the tunica vaginalis and do not involve or replace the rete tes- 
tis. The use of immunohistochemistry in the differential diag- 
nosis has been described above. Metastatic carcinoma should 
especially be considered if tumors are bilateral, multinodular, 
or have lymphatic/vascular space invasion or an interstitial 
growth pattern. Sex cord stromal tumors of the testis can 
rarely mimic rete testis carcinomas.*°?700?76277 

Carcinomas of the rete testis have a poor prognosis. Only 
37% of patients have been free of disease at last clinical 
follow-up,”” and the mean survival is 8 months after diag- 
nosis of the tumor.*® A few patients have experienced longer 


Box 13-4 © DIFFERENTIAL DIAGNOSIS OF 


TUBULOPAPILLARY NEOPLASMS OF THE 
PARATESTIS* 


Rete testis adenocarcinoma 

Epididymal carcinoma 

Malignant mesothelioma arising from the tunica vaginalis 
Ovarian-type (serous, endometrioid or clear cell) carcinomas 
Metastatic adenocarcinoma 


*Redrawn and modified from Amin MB. Selected other problematic 
testicular and paratesticular lesions: rete testis neoplasms and pseu- 
dotumors, mesothelial lesions and secondary tumors. Mod Pathol 
2005;18:S131-S145, with permission. 
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survival, but those patients had cystic tumors that may have 
actually represented serous tumors of low malignant poten- 
tial.2° Rete testis carcinomas typically spread locally and 
metastasize to the para-aortic and iliac lymph nodes as well 
as hematogenously to the lungs.” The inguinal lymph nodes 
may also be affected. Early diagnosis offers the best chance 
for favorable outcome. Most patients who die of disease have 
advanced-stage disease at the time of diagnosis. Treatment is 
primarily surgical; chemotherapy and radiation have been of 
limited value in the therapy of these tumors.” 


Carcinoma of the Epididymis 


Epididymal carcinoma is a rare tumor. It has occurred in 
adults between 22 and 82 years of age; the average patient 
age has been 47 years.” Patients have presented with 
scrotal masses either with or without pain. Approximately 
half of the patients have had associated hydroceles.**° None 
have been associated with von Hippel-Lindau disease. 

Gross examination of epididymal carcinomas shows solid 
and cystic gray-white tumor with areas of hemorrhage and 
necrosis.’ Tumors have ranged from <1 cm”! to 14 cm 
in diameter.**°** The tumor typically obliterates part or all 
of the epididymis with at most limited involvement of the 
testis. The spermatic cord and tunica vaginalis may be 
involved by tumor. 

Microscopic examination reveals adenocarcinoma con- 
taining invasive glands, tubules, and papillary aggregates of 
tumor cells that have clear cytoplasm containing glycogen, 
at least focally (Fig. 13-23).?”8° Moderate nuclear atypia is 
present, although more anaplastic, pleomorphic nuclei may 
also occur. Cysts and intracystic papillary structures may 
be present. In some cases, the appearance is reminiscent of 
endometrioid carcinoma.”'?*° Squamous differentiation may 
be admixed with the adenocarcinoma, and pure squamous 
carcinoma of the epididymis has been reported.**” 


s 


Note 


FiıGuURE 13-23 E Adenocarcinoma of epididymis. 
infiltrating adenocarcinoma between epididymal tubules. (Image 
courtesy of Dr Steven Shen, Houston, TX.) 
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PAS stains highlight the glycogen present in tumor cells. 
Mucin stains are negative.” Immunohistochemical stains 
are positive for cytokeratin and EMA; the latter stains the 
luminal surface of the cytoplasm.” Studies have yielded 
conflicting results regarding CEA staining.**° Electron 
microscopy shows characteristics of adenocarcinoma.**° 

The differential diagnosis of epididymal carcinoma includes 
clear cell papillary cystadenoma. In contrast to benign neo- 
plasms, adenocarcinomas are infiltrating and destructive 
tumors that display hemorrhage, necrosis, nuclear atypia, and 
mitotic activity. Adenomatoid tumors are smaller and more 
circumscribed tumors that are composed of tubules lined by 
flattened cells. Adenomas of the rete testis enter the differen- 
tial diagnosis, but they do not involve the epididymis proper 
and they do not display nuclear atypia and mitotic figures. 
Epididymal adenocarcinoma also needs to be distinguished 
from mesothelioma of the tunica vaginalis,”* papillary serous 
carcinoma,’ and adenocarcinoma of the rete testis.%°? 
Clear cytoplasm, seen in epididymal adenocarcinoma, is not a 
typical feature of rete carcinomas. Serous carcinomas display 
more epithelial budding, papillary structures surrounded by 
desmoplastic stroma, and psammoma bodies than epididymal 
carcinoma. Mesothelioma is a more diffuse process than epi- 
didymal carcinoma and often is associated with hydrocele and 
tumor nucleolus along the tunica vaginalis. 

The number of reported cases of primary epididymal 
adenocarcinoma has been small, but it appears that about 
50% of patients with this neoplasm eventually die with met- 
astatic disease.”!*°?*4 This tumor usually metastasizes via 
lymphatic channels to the retroperitoneal lymph nodes,”*° 
but inguinal lymph nodes may also be involved by tumor. 
Metastatic disease has also been reported in the right para- 
ureteral area and the lung.* 


Borderline and Malignant Ovarian-Type 
Epithelial Tumors 


Borderline and malignant ovarian-type epithelial tumors 
occur infrequently in the paratesticular region, and they are 
identical to their more frequent counterparts in the ovary. 
Most of these tumors in the paratesticular region are serous 
tumors of low malignant potential,!*?**?* but serous carci- 
nomas,”” Brenner tumors,”>”?”””?! mucinous tumors,?53292:293 
endometrioid tumors,” and clear cell carcinomas?’ 
also been reported in this location (Box 13-5). 

These neoplasms may arise from miillerian metaplasia 
of the peritoneal surface of the tunica vaginalis in a pro- 
cess similar to that of primary peritoneal serous tumors 
in women. Many of these tumors are centered in the 
epididymal—testicular groove.?”°!”” That location suggests 
origin from the appendix testis.*** It is a miillerian remnant, 
and other müllerian remnants also exist in the paratesticu- 
lar region.*'?°5 Some ovarian-type epithelial tumors have 
been located in the spermatic cord.” 

Serous tumors of low malignant potential typically 
occur in midlife. The median age for borderline serous 


have 
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Box 13-5 HISTOLOGIC SPECTRUM 


OF OVARIAN-TYPE TUMORS* 


Serous neoplasms 
Benign serous cystadenoma 
Borderline serous tumor 
Borderline tumor with microinvasion 
Serous carcinoma 
Mucinous neoplasms 
Benign mucinous cystadenoma 
Borderline mucinous tumor 
Mucinous carcinoma 
Clear cell adenocarcinoma 
Endometrioid adenocarcinoma 
Brenner tumors 
Benign Brenner tumor 
Malignant Brenner tumor 


*Modified from Amin MB. Selected other problematic testicular and 
paratesticular lesions: rete testis neoplasms and pseudotumors, 
mesothelial lesions and secondary tumors. Mod Pathol 2005;18: 
$131-S145, with permission. 


tumors in the paratestis is 54 years, with an average age of 
49 years,272773285.286.288.295.297 Paratesticular serous carcino- 
mas occur mainly in younger adults with a mean age of 31 
years.” One case of paratesticular papillary serous cystad- 
enocarcinoma has been reported in a child,” and one was 
recently reported in an 87-year-old man.2” Two cases of 
malignant ovarian-type epithelial tumor have been reported 


in men who received hormonal therapy for prostate carci- 
noma; they included an endometrioid carcinoma and a mixed 
endometrioid and smooth muscle tumor.5?86288 

Presenting symptoms include scrotal enlargement and 
palpable masses that may be painless or associated with dis- 
comfort. There may be an associated hydrocele.?” 

Serous and mucinous tumors of low malignant potential 
have pink-tan, smooth outer surfaces. Cut sections reveal 
variable numbers of cysts™ that contain watery or thick, 
mucoid material?” and papillary excrescences.”” In contrast 
to borderline tumors, carcinomas have a solid gray-tan tis- 
sue component that is not well demarcated from surrounding 
structures.” 

Histologic features of ovarian-type epithelial tumors are 
identical to tumors of the same type seen more commonly in 
the ovaries. Borderline serous tumors typically display pap- 
illary connective tissue fronds with a hierarchical branch- 
ing architecture. The lining epithelium shows stratification, 
tufting, nuclear atypia, and mitotic figures. Borderline 
tumors do not display invasion into the surrounding stroma, 
in contrast to serous carcinomas. Stromal invasion is the 
characteristic that defines serous carcinoma and separates 
carcinoma from borderline tumors. Stromal invasion may 
be recognized by a desmoplastic stromal response, a solid 
growth pattern, or isolated papillary structures surrounded 
by clear spaces (Fig. 13-24). Some tumors may be predomi- 
nantly borderline serous tumors with only small foci of 
invasive tumor.?””*?87 


Figure 13-24 E Ovarian-type serous papillary tumor of parates- 
tis. Gross appearance of a serous papillary cystic tumor of borderline 
malignancy (A). Intracystic growth with papillae demonstrating hierar- 
chical branching (B). Serous carcinoma with tubulopapillary architec- 
ture and psammomatous calcification (C). (Reprinted from Amin MB. 
Selected other problematic testicular and paratesticular lesions: rete 
testis neoplasms and pseudotumors, mesothelial lesions and secondary 
tumors. Mod Pathol 2005;18:S131—S145, with permission.) 
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Figure 13-25 W Ovarian-type paratesticular/testicular mucinous tumor. Cystadenoma histology with lining by endocervical-like 
cells (A). Testicular mucinous tumor of borderline malignancy with mucin extravasation (B). (Case courtesy of Dr Thomas Ulbright, 
Indianapolis, IN, USA; Reprinted from Amin MB. Selected other problematic testicular and paratesticular lesions: rete testis neoplasms and 
pseudotumors, mesothelial lesions and secondary tumors. Mod Pathol 2005;18:S131—S145, with permission.) 


In contrast to the single layer of bland epithelium seen 
in mucinous cystadenomas, the presence of endocervi- 
cal or enteric-type epithelium with stratification, tufting, 
atypia and mitotic figures is diagnostic of a borderline 
mucinous tumor (Fig. 13-25). Borderline mucinous tumors 
do not display destructive stromal invasion. Two mucinous 
borderline tumors and one mucinous carcinoma have been 
recently reported in the paratesticular region. The para- 
testicular mucinous carcinoma appeared as a thickening 
of the tunica vaginalis on gross examination. Destructive 
stromal invasion in mucinous tumors is indicative of 
carcinoma. 

Endometrioid and clear cell tumors have been reported 
rarely in the paratesticular region.“ Endometrioid tumors 
are reminiscent of endometrial carcinoma. Clear cell carci- 
nomas display solid, glandular or papillary architecture. One 
malignant Brenner tumor was associated with areas of squa- 
mous and transitional cell carcinoma.”! 

Immunohistochemistry is useful in the diagnosis of 
ovarian-type epithelial tumors. Tumors of miillerian deriva- 
tion stain positively with antibodies to WT1. They are cyto- 
keratin positive, and most ovarian-type epithelial tumors 
display a predominance of cytokeratin 7 staining, with less 
cytokeratin 20 positivity. CEA”*?85287 and CA-125 may also 
be positive. Serous tumors stain positively for B72.3. 

Serous tumors need to be distinguished from carcinoma 
of the rete testis and malignant mesothelioma. Location of a 
tumor in the testicular hilus and the rete testis is typical of 
rete testis carcinomas. Rete carcinomas also typically dis- 
play a greater degree of cytologic atypia and a more solid 
growth pattern than the well-defined papillary fronds seen 
in serous tumors. Psammoma bodies may occur in both 
serous tumors and carcinoma of the rete testis.2° Both 
serous tumors and malignant mesotheliomas display papil- 
lary architecture. Serous carcinoma displays more tufting 
and stratification than is typically seen in mesotheliomas. 


Immunohistochemistry is quite useful in distinguishing the 
two neoplasms (Box 13-3). Papillary serous tumors are posi- 
tive for Leu M1, B72.3, and WT1. Mesotheliomas are posi- 
tive for WT 1, CK5/6 and calretinin and negative for Leu M1 
and B72.3. The possibility of metastatic carcinoma should 
be excluded when considering a diagnosis of endometrioid, 
mucinous, or clear cell tumors of the paratesticular region. 
Bilateral tumors and prominent lymphatic or vascular space 
involvement supports a metastatic lesion. The majority of 
paratesticular ovarian-type epithelial tumors present with 
disease limited to the paratestis, in contrast to advanced- 
stage disease associated with tumors metastatic to the para- 
testicular region. 

There is very limited experience with miillerian-type 
tumors of the paratesticular region. Completely excised bor- 
derline tumors have a good prognosis; no case has recurred 
or metastasized after radical orchiectomy.” Nistal reported 
that mucinous tumors of the paratestis are locally aggres- 
sive tumors with little metastatic potential.” Two patients 
reported to have mucinous cystadenocarcinomas”””*? were 
alive without disease after 2 years, but other authors do 
not think these tumors were actually invasive.*° The single 
patient reported to have a malignant Brenner tumor had a 
metastasis to retroperitoneal lymph nodes at the time of 
diagnosis, but he was alive without disease | year later.”*! 
Complete surgical excision of ovarian-type epithelial tumors 
of the paratestis is recommended.*° Adjuvant therapy should 
only be considered for patients whose tumors represent 
carcinoma.“ 

Ovarian serous borderline tumors with microscopic foci 
of invasion have a prognosis similar to that of tumors of 
low malignant potential, but the significance of very small 
foci of invasive tumor in the paratesticular region has not 
been determined. One man with a serous borderline tumor 
with “focal” invasion was disease-free 1 year after surgi- 
cal excision.’ A different patient reported to have focal 
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invasion had diffuse abdominal recurrent disease 7 years 
after surgery.*’4 Some authors” believe that microinvasion 
measuring <3 mm is associated with a good prognosis, but 
no actual data from paratesticular tumors exist to confirm 
this impression. At least one reported case of a testicu- 
lar borderline serous tumor with microinvasion by crite- 
ria used for ovarian tumors has been clinically malignant, 
indicating that additional experience with these lesions is 
necessary before drawing conclusions about the prognos- 
tic significance of microinvasive foci.” Thorough sam- 
pling of borderline tumors should be performed. Patients 
with larger amounts of invasive serous carcinoma are 
at risk for recurrent or metastatic disease.’ The role of 
retroperitoneal lymph node dissection in this context is 
unclear. 


Mesothelial Neoplasms 
Benign Mesothelial Tumors 


Adenomatoid Tumor 
Adenomatoid tumors are the most common mesothelial 
tumors of the paratesticular region. Srigley and Hartwick 
reported 23 cases,'* and Mostofi and Price!” found that 
these tumors represent about one-third of all tumors in the 
paratesticular region. While most paratesticular adeno- 
matoid tumors occur in the head of the epididymis,” 
some are seen in the tunica albuginea, spermatic cord, 
and tunica vaginalis.?®4301303-307 Patients range in age from 
18 to 79 years, but the lesion is seen most commonly in 
the fourth decade of life. Adenomatoid tumors are usually 
asymptomatic lesions that are discovered during physi- 
cal examinations or in the course of other procedures. 
However, if infarction occurs due to torsion, patients may 
present with pain.” 

Adenomatoid tumors are well-circumscribed, firm 
tan, gray or white nodules that may be as large as 5 cm, 
although most measure <2 cm (Fig. 13-26A). Microscopic 


A 


examination displays a plexiform pattern of nests, cords, 
and tubules composed of cells with moderate to abundant 
eosinophilic cytoplasm containing vacuoles (Fig. 13-26B). 
The cytoplasmic vacuoles represent an important clue to 
the diagnosis. Coalescence of the vacuoles gives rise to 
tubular spaces. Attenuated extensions of cytoplasm called 
“thread-like bridging strands” are often seen crossing these 
tubular spaces.” Nuclei are round and uniform. Mitoses 
are rare. The tubules are surrounded by fibrous stroma that 
may contain smooth muscle cells. Occasionally, smooth 
muscle cells may be admixed with the larger, epithelioid 
cells to form an adenomatoid leiomyoma.*'°*"! Rarely, the 
tumor may infiltrate the testis?!" and it may masquer- 
ade as a testicular neoplasm. Brenner tumors occasion- 
ally occur in association with adenomatoid tumors of the 
paratesticular region.” Necrosis is a rare occurrence in 
adenomatoid tumors and is presumably due to infarc- 
tion. Some cases have been associated with rete testis 
hyperplasia.*°* 

While the typical pattern of adenomatoid tumor results 
in a straightforward “pattern recognition” diagnosis, there 
are variants of this tumor that may be more challenging to 
pathologists*”?'4 (Box 13-6). Adenoid, angiomatoid, cystic, 
glandular, solid, tubular, oncocytic, and ischemic patterns 
may be seen.>"* Signet ring cells resulting from cytoplasmic 
vacuoles may mimic the appearance of metastatic adeno- 
carcinoma. Vacuolated cells may suggest liposarcoma or 
vascular neoplasms, and the combination of vacuolated 
cells with gland-like tubules can mimic yolk sac tumor or 
Sertoli cell tumor. Nests or solid areas of eosinophilic cells 
can suggest variants of Leydig cell tumor. Awareness that 
smooth muscle cells may be admixed with the tubules of 
adenomatoid tumor will prevent an erroneous diagnosis of 
leiomyoma. Although adenomatoid tumors are grossly well- 
circumscribed, some infiltration of surrounding muscle may 
be seen at the edges of the lesion. Muscle infiltration and 
any atypia resulting from reaction to infarction need to be 
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FiGuRE 13-26 E Adenomatoid tumor. A: Gross photograph of bisected testis. Note circumscribed white-yellow nodule with a hilar 
epicenter. B: Microscopically, these tumors display cords and tubules composed of cells with moderate to abundant eosinophilic cytoplasm 


containing vacuoles. 
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Box 13-6 @ DIAGNOSTIC PROBLEMS AND 
DIFFERENTIAL DIAGNOSIS OF ADENOMATOID 


TUMOR* 


Histologic Pattern Differential Diagnosis 


Metastatic carcinoma 
Liposarcoma 
Vascular neoplasm 
Yolk sac tumor 
Metastatic carcinoma 
Sertoli cell tumor 
Leydig cell tumor 


Signet ring cells 
Vacuolated cells 


Vacuolated cells and gland-like 
tubules 


Nests/solid areas of eosinophilic 


cells Large cell calcifying 
Sertoli cell tumor 
Prominent smooth muscle Leiomyoma 
component 
Infiltration of testicular Mesothelioma 
parenchyma 


Infarction with atypia Mesothelioma 


*Redrawn and modified from Amin MB. Selected other problematic 
testicular and paratesticular lesions: rete testis neoplasms and pseu- 
dotumors, mesothelial lesions and secondary tumors. Mod Pathol 
2005;18:S131-S145, with permission. 


carefully evaluated in view of the low-power architecture 
and gross appearance of the tumor because they can be sug- 
gestive of mesothelioma to observers not familiar with their 
occurrence. 

Frozen section diagnosis of adenomatoid tumor may 
be crucial in steering therapy toward a conservative resec- 
tion. The gross appearance of a white circumscribed nodule 
is helpful in achieving the correct intraoperative diagno- 
sis. Appreciation of the pattern of anastomosing tubules 
and cytoplasmic vacuolation are important diagnostic fac- 
tors, even if some solid areas, signet ring cells, or admixed 
smooth muscle are identified microscopically. The absence 
of nuclear atypia or mitotic activity is helpful at the time of 
frozen section, but the gross appearance of the lesion and the 
low-power pattern of tubules and vacuolated cells are keys to 
the correct diagnosis. 

Immunohistochemical stains are useful in diagnosing 
adenomatoid tumors. These neoplasms are positive for cyto- 
keratin and epithelial membrane antigen and negative for 
vimentin, carcinoembryonic antigen, and vascular markers. 
A recent study emphasized the value of a positive D2-40 
stain for adenomatoid tumors of the genital tract.’ Electron 
microscopy demonstrates the long, slender microvilli seen in 
mesothelial lesions.*!>'° 

Adenomatoid tumors are benign lesions that should be 
conservatively excised. The differential diagnosis includes 
vascular lesions and malignant mesothelioma (Box 13-6). 
Immunohistochemical stains and electron microscopy*!*3!73!8 
confirm the mesothelial nature of the tumor. Adenomatoid 
tumors may be infiltrative, but they do not show the papillary 
architecture and cytologic atypia characteristic of malignant 
mesotheliomas. Furthermore, the cytoplasmic vacuoles 
characteristic of adenomatoid tumors are not a feature of 
malignant mesotheliomas. 
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Well-Differentiated Papillary Mesothelioma 

and Mesothelial Tumors of Uncertain Malignant 
Potential 


Well-differentiated papillary mesotheliomas are usually 
seen in the peritoneum of young women,*” but a few cases 
have been reported in the tunica vaginalis of men."°320-322 
They are rare paratesticular tumors.*”? Most occur in the 
second or third decade of life in men who present with uni- 
lateral or recurrent hydroceles.'*?!32 This tumor has not 
been shown to be associated with asbestos exposure. 

Gross examination of these lesions shows single or multiple 
nodules of tumor studding a hydrocele sac. Microscopic exami- 
nation reveals papillae and tubules that are lined by a single 
layer of flattened to cuboidal mesothelial cells that do not con- 
tain glycogen or mucin.*°°” Solid aggregates of mesothelial 
cells with luminal spaces may also be present. Mitoses are rare 
or absent, and cytologic atypia is not a feature of this neoplasm. 
Psammoma bodies may be seen. Fibrosis can cause some 
irregular architecture that should not be mistaken for invasive 
tumor.”! Immunohistochemical stains performed in a small 
number of cases have shown cytokeratin and epithelial mem- 
brane antigen positivity in these neoplasms.**! Electron micros- 
copy displays epithelial cells containing mitochondria and 
rough endoplasmic reticulum; an adjacent basement membrane 
is present. Luminal spaces contain short microvilli. Nuclear 
p53 protein accumulation was demonstrated in one case that 
had benign histology and an uneventful 3-year follow-up.” 

The differential diagnosis of well-differentiated papil- 
lary mesothelioma includes reactive mesothelial hyperplasia, 
malignant mesothelioma, and papillary carcinoma of the para- 
testicular region. Well-differentiated papillary mesothelioma 
is a larger and more complex lesion than papillary mesothe- 
lial hyperplasia. Malignant mesotheliomas and carcinomas 
of the paratestis characteristically have significant cytologic 
atypia, mitotic activity, and invasive patterns that are not seen 
in well-differentiated papillary mesotheliomas. Malignant 
mesotheliomas may contain noninvasive areas that are indis- 
tinguishable from well-differentiated papillary mesothelioma, 
so it is essential that the lesion be thoroughly sampled. Well- 
differentiated papillary mesothelioma may represent a non- 
invasive stage of malignant mesothelioma, and complete 
excision is necessary. Recurrent disease has not been reported, 
but most cases reported do not have long follow-up,*”°*”?*4 so 
careful follow-up of patients is essential. 

Eight cases of mesothelioma of the tunica vaginalis of 
uncertain malignant potential have been recently reported.*” 
These neoplasms had papillary and tubulopapillary architec- 
ture similar to well-differentiated papillary mesotheliomas, 
but they also displayed more complex cribriform and con- 
densed architecture. None of the neoplasms demonstrated 
any areas of invasive tumor. An average of 2.1 mitotic fig- 
ures/50 HPF was seen in most of the neoplasms. Only rare 
cells stained for Ki-67 and p53, and only one case stained 
positively for GLUT-1. Five patients had follow-up data. 
Three were alive 2, 3, and 9 years after diagnosis, and two 
other patients died of unknown causes. Survival was much 
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better than that associated with malignant mesotheliomas, 
although additional studies of these neoplasms are needed to 
define their biologic behavior. 


Malignant Mesothelial Neoplasms 


Malignant Mesothelioma 

Malignant mesothelioma is the most common malignant 
neoplasm of the paratesticular region that displays an epithe- 
lial growth pattern. Individual case reports and small series 
of these tumors have been reported. Most arise in the tunica 
vaginalis testis, but they may also be seen in the epididymis 
and spermatic cord. Patients have ranged in age from 6 to 91 
years. The highest incidence of this tumor has been in men 
between 55 and 75 years of age. A recent study reported a 
mean age of 60 years for this neoplasm.*”° However, 10% of 
cases reported have been in patients younger than 25 years 
of age,’ so these neoplasms need to be considered in 
the diagnosis of paratesticular masses and hydroceles, even 
in pediatric patients. The only known risk factor for malig- 
nant mesothelioma of the paratesticular region is asbestos 
exposure. Up to one-third of patients with this lesion have a 
history of asbestos exposure, but the prevalence of asbestos 
exposure is probably higher than reported due to a lack of 
clinical information in many reported cases. 

Most men present with either unilateral testicular 
enlargement, a hydrocele that develops over the period of 
several months, or a recurrent hydrocele. Rare patients have 
presented with metastatic disease.” Malignant mesothe- 
lioma involves the left and right paratesticular regions with 
equal frequency. Rare patients may present with symptoms 
of advanced disease such as scrotal nodules?’ or spinal 
metastases.” 

Ultrasound or CT scans with or without cytology may sug- 
gest a preoperative diagnosis of malignant mesothelioma.’ 


Ultrasound shows a hypoechoic hydrocele with hyperechoic 
peripheral masses ranging from 2 to 20 mm in size.**! These 
studies are very useful in determining surgical therapy 
because there is a high rate of recurrence if a local resection 
is performed instead of the indicated inguinal orchiectomy. 

Malignant mesothelioma most characteristically consists 
of multiple firm, white nodules with papillary excrescences 
on the surface of a hydrocele sac.!*7*33*? The nodules or papil- 
lary areas may range from very small to 2 cm. The fluid in the 
hydrocele may be clear or hemorrhagic. The tunica vaginalis 
may also be thickened and studded with firm, white, plaque- 
like lesions. A few tumors consist of single well-circumscribed 
masses between 2.5 and 7.8 cm in diameter.’ 

Paratesticular malignant mesotheliomas may display 
epithelial (60% to 70%) (Fig. 13-27A), sarcomatous (rare), 
or biphasic (30% to 40%) patterns.! No desmoplastic 
mesotheliomas have been reported in this site. Some well- 
differentiated, epithelial paratesticular mesotheliomas display 
papillary structures containing fibrous tissue cores covered 
with cuboidal mesothelial cells with little nuclear atypia. 
The presence of slight atypia, a low mitotic rate, and tubules 
invading the wall of the hydrocele sac are clues to the malig- 
nant nature in these well-differentiated neoplasms. More 
commonly, malignant mesothelioma displays a tubulopapil- 
lary pattern that includes both exophytic papillary structures 
and invasive tubules and papillae. The arborizing papillae 
are covered by multiple layers of atypical mesothelial cells 
with moderate amounts of cytoplasm and large, vesicular 
nuclei that contain moderate-sized nucleoli. Solid areas of 
highly atypical cells and foci of necrosis may be present, 
especially in high-grade tumors. Tubulopapillary and solid 
mesotheliomas have mitotic rates varying from low to very 
high, with higher mitotic rates occurring in more poorly 
differentiated tumors. Areas of mesothelioma in situ may 
sometimes be present in the tunica adjacent to the invasive 


he- 
lium (left) is associated with the invasive neoplasm. B: A calretinin stain is positive. This stain is useful in distinguishing mesothelioma from 
serous carcinoma in the paratesticular region. 
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mesothelioma. A transition from benign mesothelium to 
mesothelioma in situ to invasive malignant mesothelioma 
may be demonstrable. 

Biphasic malignant mesothelioma consists of an admix- 
ture of tubulopapillary elements with a spindle cell sarco- 
matous stroma arranged in fascicles or a storiform pattern 
resembling malignant fibrous histiocytoma. The degree of 
atypia in the stroma is variable. Some tumors contain uni- 
form, mildly atypical spindle cells, whereas others display 
a great deal of nuclear pleomorphism, numerous mitoses, 
and areas of necrosis. One case had metaplastic osseous and 
chondroid differentiation of the stroma, and these stromal 
elements were attributed to metaplasia of the stromal cells.**4 

The only reported case of a sarcomatous mesothelioma 
of the paratesticular region occurred in a 32-year-old man 
with no history of asbestos exposure.’ The tumor displayed 
spindle and polygonal cells containing ample eosinophilic 
cytoplasm and oval, vesicular nuclei with prominent nucle- 
oli and numerous mitotic figures. Some cells at the edge 
of the tumor had cytoplasmic vacuoles that contained 
hyaluronidase-sensitive Alcian blue material. No microvilli 
were identified on ultrastructural examination of this sarco- 
matous mesothelioma. 

Immunohistochemical studies of malignant mesothe- 
lioma have shown positive staining for CK5/6, WT-1, and 
calretinin (Fig. 13-27B).**°*77 Negative stains include CEA, 
Leu-M1, Ber EP4, B72.3, and E-cadherin. Some biphasic 
mesotheliomas have displayed cytokeratin staining of the 
spindle cell component of the neoplasms.'** Some authors 
have reported that a negative E-cadherin stain coupled 
with a positive calretinin stain is helpful in the diagnosis 
of mesothelioma.**’ Some mesothelioma markers may over- 
lap with immunohistochemical markers of other tumors in 
the differential diagnosis of mesothelioma. WT-1 is posi- 
tive in both mesothelioma and papillary serous carcinoma. 
Calretinin is positive in mesothelioma, carcinoma of the 
rete testis, and epididymal carcinoma. Therefore, a panel 
of immunostains is useful in eliminating other neoplasms 
from the differential diagnosis of malignant mesothelioma 
(Table 13-2). 

Ultrastructural study of mesothelioma*”****“ displays 
long, branching microvilli, abundant cytoplasmic fibrils, 
desmosomes, and sparse intracellular organelles. These fea- 
tures are the same as those seen in malignant mesotheliomas 
at other sites. 

The differential diagnosis of malignant mesothelioma of 
the paratesticular region includes mesothelial hyperplasia, 
well-differentiated papillary mesothelioma, paratesticular 
miillerian-type tumors, adenocarcinoma of the rete testis, 
adenocarcinoma of the epididymis, adenomatoid tumor, 
and metastatic carcinoma. The differential diagnoses of 
malignant mesothelioma compared to mesothelial hyperpla- 
sia, adenomatoid tumor, well-differentiated papillary meso- 
thelioma, and paratesticular serous carcinomas have been 
discussed. Distinction of paratesticular malignant mesothe- 
lioma from rete testis adenocarcinoma may be difficult. The 
latter tumor is located at the testicular hilum and displays 
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Table 13-2 m DIFFERENTIAL DIAGNOSIS OF 


HIGH-GRADE TUBULOPAPILLARY NEOPLASMS 


INTHE RETE TESTIS* 


WT-1 and other 

Mesothelial markers (calretinin, CK56) 
positive 

Adenocarcinoma related markers 
negative (BerEP4, B72.3, E-cadherin) 


Adenocarcinoma-related markers 


Malignant 
mesothelioma 


Papillary serous 


carcinoma positive 
Mesothelioma markers negative 
WT-1 and CA 125 positive 
Psammoma bodies may be present 
Other Adenocarcinoma markers positive 


Mesothelioma markers negative 
WF1 positive 
CA 125 negative 


Rete testis or No primary tumor elsewhere 


epididymal Areas of transition from normal 
carcinoma structures 
CD10 positive 
Calretinin + 
Metastatic History of primary tumor in other 
carcinoma location 


Bilateral tumor 

Vascular and lymphatic space invasion 

Interstitial growth between normal 
glandular structures 

Perform immunostains for unknown 
primary tumor 


*Modified from Amin MB. Selected other problematic testicular and 
paratesticular lesions: rete testis neoplasms and pseudotumors, 
mesothelial lesions and secondary tumors. Mod Pathol 2005;18: 
$131-S145, with permission. 


a transition from rete adenocarcinoma in situ to invasive 
neoplasm.*4! Epididymal adenocarcinomas are centered in 
the epididymis and not usually associated with a hydro- 
cele.**° Furthermore, they are often composed of epithelial 
cells that display clear cytoplasm, at least focally. A history 
of prior neoplasms is helpful in distinguishing malignant 
mesothelioma from metastatic carcinoma in the paratesticu- 
lar region. 

Malignant mesotheliomas are aggressive tumors with 
high recurrence rates. The median time to tumor recurrence 
is 10.5 months.**? More than half of the patients reported 
developed recurrences and/or metastatic tumor. Thirty-nine 
percent have had local recurrences, 56% have had inguinal, 
retroperitoneal, or cervical lymph node metastases, and 65% 
developed lung, mediastinal, bone,*** or brain*°’ metasta- 
ses. Only one-third of reported patients were alive without 
disease at last follow-up. Univariate analysis showed that 
patients younger than age 60 and those with organ-confined 
disease?” have longer survival than other patients. 

The optimal treatment for paratesticular malignant meso- 
thelioma is radical inguinal orchiectomy.*” Limited local 
resection should be avoided due to the high frequency of 
local recurrence.*** Some investigators have recommended 
that retroperitoneal lymph node dissection or postopera- 
tive radiation therapy should be performed.*” The value of 
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Box 13-7 BENIGN MESENCHYMAL TUMORS 


OFTHE PARATESTICULAR REGION 


Common (90%) 
Lipoma or lipomatous hyperplasia 
Includes variants (angiolipoma, vascular myxolipoma, 
myolipoma) 


Rare (10%) 
Leiomyoma 
Includes epithelioid and myxoid types 
Angiomyofibroblastoma 
Includes cellular angiofibroma and 
angiomyofibroblastoma-like tumor 
Angiomyxoma 
Schwannoma 
Rhabdomyoma 
Hemangioma 
Neurofibroma 
Granular cell tumor 
Other rare tumors 


adjuvant chemotherapy and radiation therapy is not clear 
at this time, although recent randomized trials have shown 
significant improvement in time to progression and survival 
with chemotherapy for malignant mesothelioma.*” 


Mesenchymal Neoplasms 


The incidence of paratesticular soft tissue tumors is dif- 
ficult to determine.”******° Benign and malignant soft tis- 
sue tumors represented 52% of all paratesticular tumors 
in the Canadian Reference Center for Cancer Pathology 
cases.'® About 70% of paratesticular tumors reported have 
been benign (Box 13-7) and 30% have been malignant 
(Box 13-8).**” The proportion of benign mesenchymal 
tumors, especially lipomas, may be considerably >30% since 
most of these tumors are not referred for consultation. 


Benign Mesenchymal Tumors 


The most common soft tissue tumors of the paratesticular 
region are lipomas and leiomyomas. Lipomas account for 
90% of the soft tissue tumors in this area. Some paratesticular 


Box 13-8 © MALIGNANT MESENCHYMAL 
TUMORS OFTHE PARATESTIS 


Most Frequent 

Liposarcoma 

Leiomyosarcoma 
Rhabdomyosarcoma 
Malignant fibrous histiocytoma 


Rare 

Osteosarcoma 

Malignant mesenchymoma 
Epithelioid sarcoma 

Synovial sarcoma 
Extraskeletal myxoid sarcoma 
Others 


lipomas may actually represent lipomatous hyperplasia 
rather than true neoplasms. Variants of lipoma, including 
angiolipoma, vascular myxolipoma, and myolipoma also 
occur in the paratestis.***°48 These lipoma variants are distin- 
guished from liposarcomas by the lack of cytologic atypia, 
lipoblasts, or a plexiform capillary network in the lipomas. 
Leiomyomas may have epithelioid or myxoid patterns.” 
Other benign mesenchymal tumors of the paratesticular 
region include schwannoma, neurofibroma, hemangioma, 
rhabdomyoma, and granular cell tumor. 


Aggressive Angiomyxoma 


Aggressive angiomyxoma was originally described in the pel- 
vic soft tissue of women,*” but it is now known to occur in the 
spermatic cord in both adults and children.**'** These tumors 
are locally infiltrative and therefore characterized by disease 
recurrences, but they do not metastasize. They are often large at 
the time of diagnosis. They typically appear to be well-circum- 
scribed and myxoid on gross examination. Aggressive angio- 
myxomas are not encapsulated, and microscopic examination 
shows small nests and tongues of the lesion extend beyond the 
grossly apparent edge of the neoplasm. Microscopically, these 
lesions have a background of hypocellular stroma containing 
blood vessels of variable size. Prominent large dilated blood 
vessel walls usually contain smooth muscle. Some vessel 
walls are typically hyalinized. Cellularity may be increased 
around blood vessels. Foci of hemorrhage may be present. 
The tumor stroma is myxoid and contains collagen as well as 
bland spindle and stellate cells with oval round to oval nuclei, 
no nuclear atypia and no more than a very rare mitotic figure. 
Some angiomyxomas have microscopic features that overlap 
with angiomyofibroblastomas. 

The rate of recurrence of aggressive angiomyxoma in the 
paratestis (20%) is lower than that seen in women*™ because 
lesions of the paratestis are easier to completely resect. 
The recommended therapy is wide resection with careful 
follow-up.” 


Angiomyofibroblastoma (Synonym: Also 
Called Angiomyofibroblastoma-Like Lesions; 
Cellular Angiofibroma) 


Like angiomyxoma, angiomyofibroblastoma is most com- 
monly seen in the soft tissue of the female pelvis, especially 
vulva.*** Some cases do occur in the inguinal region and scro- 
tum of men.**° These lesions are small, rubbery, well-circum- 
scribed tumors. They are more cellular than angiomyxomas, 
and they may contain both hypercellular and hypocellular 
areas (Fig. 13-28). They display a network of blood vessels 
that are smaller, less dilated, and less hyalinized than those 
seen in angiomyxomas. Stromal cells are stellate or spindle- 
shaped without atypia or significant mitotic activity. They may 
aggregate and whorl around blood vessels.’ Multinucleated 
stromal cells are often present. Enlarged nuclei that display 
degenerative changes characterized by smudged nuclei may 
be seen. Fat may be present in the stroma. Cellular angiofi- 
broma?” and “angiomyofibroblastoma-like tumor of the male 
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Figure 13-28 E Angiomyofibroblastoma. Note proliferation 
of bland small spindle cells with a vaguely storiform growth pattern 
on a background of abundant small blood vessels, some of which 
have hyalinized walls. 


genital tract’*** represent variants of angiomyofibroblastoma. 


Angiomyofibroblastomas are benign neoplasms that should 
be treated by local resection,*™ although very rare angiomyo- 
fibroblastomas have had malignant histologic features, with 
sarcomatous transformation.’ 

Some tumors may show features of both angiomyxoma 
and angiomyofibroblastoma. Immunohistochemical stains 
have been proposed as a way to separate the two entities, but 
more recent studies show great overlap of the two lesions. 
Both stain positively for smooth muscle actin, desmin, 
CD34, and sex hormone receptors.’ Tumors with criteria 
suggestive of both angiomyxoma and angiomyofibroblas- 
toma should be completely resected with subsequent follow- 
up clinical examinations.*™ 


Malignant Mesenchymal Tumors 


Leiomyosarcoma, rhabdomyosarcoma, liposarcoma, malig- 
nant fibrous histiocytoma, and fibrosarcoma are the most 
frequent malignant mesenchymal tumors that occur in the 
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paratestis.*44345.354361-363 A recent study of adult spermatic 
cord sarcomas showed that 51% were liposarcomas, 19% 
were leiomyosarcomas, 13% were embryonal rhabdomyo- 
sarcomas, and 11% represented malignant fibrous histio- 
cytomas,*™ and 62% of patients had high-grade sarcomas 
in that study. Between 7% and 10% of pediatric rhabdo- 
myosarcomas occur in the paratestis.** A rare example of a 
primary spermatic cord osteosarcoma has been reported.* 
One malignant mesenchymoma composed of distinct areas 
of liposarcoma and leiomyosarcoma*” and one mixed lipo- 
sarcoma and osteosarcoma of the spermatic cord*®* have 
been reported. We have seen a malignant mesenchymoma 
composed of ganglioneuroblastoma and rhabdomyosar- 
coma. A rare case of epithelioid sarcoma arising from the 
vas deferens has also been reported.*” Other rare parates- 
ticular sarcomas include synovial sarcoma and extraskel- 
etal myxoid chondrosarcoma.*** With the exception of 
embryonal rhabdomyosarcoma, soft tissue sarcomas of 
the paratesticular region are tumors of the adult popula- 
tion. Almost all patients with paratesticular sarcomas come 
to attention because of a palpable mass in the scrotum or 
inguinal area. 


Rhabdomyosarcoma 

The most common site for rhabdomyosarcomas is the 
paratesticular region (Fig. 13-29A).*°* The median age is 
15 years, with a range from 7 years of age to adults. Half 
of all paratesticular rhabdomyosarcomas occur in pediatric 
patients. On gross examination, paratesticular rhabdomyo- 
sarcomas are infiltrating, firm, gray-white neoplasms that 
may demonstrate areas of necrosis. 

Embryonal rhabdomyosarcoma is the most common type 
of rhabdomyosarcoma in the paratestis, although any type 
may occur in this region.*”” Embryonal rhabdomyosarcomas 
are very cellular small round blue cell tumors. There are 
also variable numbers of rhabdomyoblasts that have abun- 
dant eosinophilic cytoplasm (Fig. 13-29B). Strap cells with 


Figure 13-29 E Rhabdomyosarcoma. A: This paratesticular rhabdomyosarcoma is a multilobular, fleshy white mass adjacent to the testis. 
B: Embryonal rhabdomyosarcoma displays a proliferation of small, round, blue cells. Cells with more abundant, eosinophilic cytoplasm are 


rhabdomyoblasts. 
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cross-striations may be present. They often display partial 
monosomy of chromosome 11.37! 

Sixty percent of tumors classified as the spindle cell variant 
of embryonal rhabdomyosarcomas occur in the paratesticular 
region.*” Spindle cell rhabdomyosarcomas display elongated 
fusiform cells that may resemble the cells of leiomyosarcoma, 
a tumor rarely seen in the paratesticular region in children. 
Careful examination of spindle cell rhabdomyosarcomas 
reveals cross-striations, and immunostains are also helpful in 
this differential diagnosis. The spindle cell variant has a better 
prognosis than other embryonal rhabdomyosarcomas,*™* and 
pediatric rhabdomyosarcomas have a better prognosis than 
adult rhabdomyosarcomas in the paratesticular region. 

Alveolar rhabdomyosarcoma is an uncommon type of 
rhabdomyosarcoma seen in the paratesticular region, but 
these are very aggressive tumors. Fibrous trabeculae sepa- 
rate the tumor cells into “alveolar” nests of primitive tumor 
cells with poor cell cohesion, so that the peripheral cells 
appear to adhere to the fibrous stroma. Tumor nests may 
therefore appear to be solid or alveolar, with peripheral 
cells lining the fibrous stroma separating tumor cell nests. 
Multinucleated giant cells may be present, and cells may 
display clear cytoplasm. Any amount of alveolar pattern is 
sufficient to classify the tumor as an alveolar rhabdomyosar- 
coma for prognostic and therapeutic purposes, because this 
tumor has a worse prognosis than other types of rhabdomyo- 
sarcoma. A solid variant of alveolar rhabdomyosarcoma has 
been reported in this location.’ These tumors have a spe- 
cific chromosome translocation t(2:13) or t(1;13) resulting 
in formation of PAX-FKHR fusion genes.*”* Genetic studies 
may be useful in establishing the diagnosis. 

The least common type of rhabdomyosarcoma to occur 
in the paratesticular region is pleomorphic rhabdomyosar- 
coma, which is usually seen only in adult patients. The inci- 
dence of this tumor type has probably been overestimated. 
Pleomorphic rhabdomyosarcoma displays a patternless 
proliferation of spindle and polygonal cells with abundant 
brightly eosinophilic cytoplasm, highly atypical nuclei, and 
mitotic figures. Although strap-shaped cells may be present, 
cross-striations are difficult to identify.” 

Immunohistochemical staining of these tumors is rec- 
ommended because many of the tumors formerly thought to 
represent pleomorphic rhabdomyosarcoma would probably 
be classified today as malignant fibrous histiocytomas.** 
Antibodies to desmin are the most sensitive marker of stri- 
ated muscle differentiation,’ but these antibodies are not 
specific and may stain other types of sarcomas. Antibodies 
to MyoD1 and myogenin are the most specific markers for 
rhabdomyosarcoma.*’°*” Actin stains, including those using 
antibodies to smooth muscle actin, may be positive in some 
rhabdomyosarcomas*”3"8; these stains alone do not distin- 
guish between leiomyosarcoma and rhabdomyosarcoma. 


Leiomyosarcoma 

Nearly one-third of paratesticular sarcomas in adults repre- 
sent leiomyosarcomas.*4*45354361362 Paratesticular leiomyo- 
sarcomas are typically painless scrotal masses that occur in 


men between 34 and 86 years of age, with an average age of 
62 years and a median age of 64 years.*” They are tumors of 
the adult population; they are very rare in childhood. Most 
of these neoplasms involve the spermatic cord or testicular 
tunics, but the epididymis may also be affected.*” A recent 
review of 24 primary paratesticular leiomyosarcomas found 
11 tumors in the testicular tunics, 10 in the spermatic cord, 
1 in the scrotal subcutis, 1 in the dartos muscle, and 1 in the 
epididymis.*” 

Leiomyosarcomas are often well circumscribed, but some 
have an infiltrative growth pattern. These tumors are firm, 
gray-tan masses on gross examination. They range in size 
from 2 to 9 cm. Microscopic examination of these tumors 
displays features of smooth muscle differentiation, includ- 
ing interlacing bundles of spindle-shaped cells with blunt- 
ended nuclei. Leiomyosarcomas may resemble leiomyomas 
with abnormal mitotic activity, or they may display marked 
cellular and nuclear pleomorphism and areas of necrosis. 
Even highly pleomorphic tumors that may resemble malig- 
nant fibrous histiocytomas usually contain some areas that 
are typical of smooth muscle neoplasms. Epithelioid areas 
are present in some tumors, and one paratesticular leio- 
myosarcoma recently studied also displayed vascular inva- 
sion.*” Necrosis is present in less than half of paratesticular 
leiomyosarcomas. Scattered lymphocytes, lymphoid aggre- 
gates, and foamy macrophages are seen in some tumors.*” 
Myxoid stromal tissue may be present. A few sarcomas in 
the paratesticular area have had components of both leio- 
myosarcoma and liposarcoma.**° Mitotic figures are present 
in all paratesticular leiomyosarcomas; the number of mitotic 
figures has ranged from <1 MF per 10 high power fields to 
>70 MF/10 HPF?” Any mitotic activity in a paratesticular 
smooth muscle tumor is an indicator of a leiomyosarcoma.*™ 

Immunohistochemistry is helpful in confirming smooth 
muscle differentiation.**! Most cases stain strongly with anti- 
bodies to muscle-specific actin, smooth muscle actin, and 
desmin. Some also display CD34 positivity. Focal cytokera- 
tin and S-100 protein positivity may occur, but myogenin 
stains have been negative.*”” Some spindle cell rhabdomyo- 
sarcomas in children may resemble leiomyosarcomas. The 
diagnosis of paratesticular leiomyosarcoma in the pediatric 
age group should not be made unless immunohistochemical 
stains for MyoD1 and myogenin are negative.** 

The differential diagnosis of paratesticular leiomyosarco- 
mas includes inflammatory myofibroblastic tumor. The latter 
lesion may have mitotic figures, but cells have nuclei with 
tapered rather than blunt ends. An inflammatory element is 
often seen and cytologic atypia is not a feature of inflamma- 
tory myofibroblastic tumor. Aggressive fibromatosis occurs 
in the paratestis,** and it has a more infiltrative pattern than 
seen in leiomyosarcoma. Solitary fibrous tumors*® have been 
reported in the spermatic cord. They often have a hemangio- 
pericytomatous pattern, and they lack the desmin positivity 
that is characteristic of leiomyosarcomas. Careful examina- 
tion and thorough sectioning of pleomorphic leiomyosar- 
comas in order to identify areas typical of smooth muscle 
tumor is helpful in excluding other pleomorphic sarcomas 
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such as dedifferentiated liposarcoma and malignant fibrous 
histiocytoma. 

Most low-grade leiomyosarcomas of the paratestis are 
indolent neoplasms, but high-grade tumors behave aggres- 
sively. Fisher et al.” recently showed that the grade of the 
tumor correlates with clinical outcome when necrosis, mitotic 
activity, and nuclear pleomorphism are considered together. 
Grade 1 tumors lack necrosis, have <6 MF/10 HPF, and have 
only occasional pleomorphic nuclei. Grade 2 tumors have 
focal necrosis (<15%) and/or >6 MF/10 HPF or prominent 
nuclear pleomorphism. Grade 3 tumors have >15% necrosis 
with any degree of nuclear pleomorphism and mitotic count. 
These authors found that all seven patients with grade 1 tumors 
(some of whom had had tumor recurrences) and all three 
patients with grade 2 tumors were alive without disease at last 
follow-up. However, all four patients with grade 3 tumors died 
of their disease. Complete, and even radical, resection of these 
tumors is necessary for optimal results. Literature address- 
ing adjuvant therapy after radical orchiectomy is limited and 
inconclusive because these neoplasms are uncommon. 


Liposarcoma 

Liposarcoma is the most common malignant tumor of the 
paratesticular region.” Twelve percent of liposarcomas 
in one study were seen in inguinal or paratesticular areas.*™4 
Paratesticular liposarcomas are usually well-differentiated 
tumors that have a prolonged clinical course. Myxoid, 
round cell, and pleomorphic liposarcomas also occur in this 
location.’ 

Paratesticular liposarcomas are detected as painless mass 
lesions.’ Some are found during repair of hernias. The age 
range is 41 to 87 years, with a mean age of 63 years.** In a 
recent study of paratesticular liposarcomas, tumors involved 
the spermatic cord, testicular tunica, and epididymis.**° 

Liposarcomas often resemble fat on gross examination, 
although some are firm due to fibrous tissue components 
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(Fig. 13-30A) and others are more myxoid than fatty. These 
neoplasms range from 3 to 30 cm in diameter, with a mean 
size of 11.7 cm.’ Well-differentiated liposarcomas resem- 
ble fat on gross examination, although the sclerosing variant 
displays areas of dense fibrotic tissue. Any firm or solid areas 
evident in a grossly fatty tumor should be carefully sectioned 
in an attempt to identify foci of dedifferentiation. Myxoid 
liposarcomas have a gelatinous appearance. Any firmer or 
whiter nodules in the gelatinous tissue should be sectioned 
because they may represent focal round cell differentiation. 
Pleomorphic liposarcomas typically display areas of necro- 
sis. While liposarcomas may appear lobulated and well cir- 
cumscribed, they typically infiltrate the surrounding tissue. 
All types of liposarcomas may occur in this area, but well- 
differentiated sclerosing or lipoma-like liposarcomas are the 
most common. Well-differentiated sclerosing liposarcoma 
contains a significant component of fibrous tissue admixed 
with adipocytes (Fig. 13-30B). Atypical nuclei are present 
in the fat or fibrous tissue or both, but lipoblasts are rare and 
do not need to be identified for the diagnosis of this subtype 
of well-differentiated liposarcoma. A chronic inflamma- 
tory infiltrate may obscure part of the lesion.*** Lipoma-like 
well-differentiated liposarcomas resemble mature fat, but 
they contain cells with enlarged, hyperchromatic nuclei as 
well as scatted lipoblasts. The term “atypical lipoma” should 
not be used for these neoplasms in the paratestis because 
they are associated with both a high (79%) risk of recur- 
rence and the possibility of dedifferentiation.**° Myxoid 
change may occur in well-differentiated liposarcoma, 
but it lacks the plexiform vascular component seen in myx- 
oid liposarcoma. Dedifferentiated liposarcoma is defined 
as a high-grade sarcoma arising in the setting of a well- 
differentiated liposarcoma.**’** The dedifferentiated com- 
ponent of the tumor displays features of malignant fibrous 
histiocytoma, high-grade fibrosarcoma,**’ or other types 
of mesenchymal neoplasms. Dedifferentiated liposarcoma 


be 
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Figure 13-30 E Liposarcoma. A: The ill-demarcated white mass oie a dedifferentiated ionan B: Well- E 
sclerosing liposarcoma has atypical nuclei in a collagenous background. Lipoblasts and mitotic figures are not often identified in this type 
of liposarcoma. 
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must be distinguished from other types of high-grade 
sarcoma by the presence of coexisting well-differentiated 
liposarcoma. The high-grade sarcomatous component has 
a different gross appearance, with firmer fibrous-appearing 
tissue, than the juxtaposed well differentiated liposarcoma. 
Approximately 8% of dedifferentiated liposarcomas have 
occurred in the paratesticular region.**’ 

More than half of the well-differentiated liposarcomas in 
a recent study’ recurred and dedifferentiation was noted 
in some of the recurrences, but there were no metastases of 
well-differentiated liposarcoma in that series except in a case 
with dedifferentiation. Recurrences may occur many years 
after the original tumor is excised. The prognosis of tumors 
with dedifferentiation is more guarded. 

Myxoid liposarcoma is less common in the paratesticu- 
lar region than well-differentiated liposarcoma.*” Patients 
with these tumors have soft, gelatinous tumor masses. 
Microscopically, these tumors display myxoid, lobulated 
tissue with a prominent network of branching thin-walled 
blood vessels. Lipoblasts are present and easily identified. 
Increased cellularity is seen at the edge of tumor nodules. 
Round cell liposarcoma may arise in the setting of myxoid 
liposarcoma. Round cell liposarcoma is very cellular, and 
contains crowded, enlarged, atypical nuclei. It lacks any 
prominent vascular pattern. Both of these liposarcoma vari- 
ants display the same chromosomal abnormality, t(12;16), 
resulting in fusion of the CHOP gene on chromosome 12q13 
with the FUS (TLS) gene on chromosome 16p11.”! Round 
cell liposarcoma is diagnosed when it either exceeds 25% of 
the area of the original myxoid liposarcoma or produces a 
nodule in the myxoid liposarcoma.**” About 20% of patients 
with paratesticular myxoid liposarcoma develop metastatic 
disease,” but a round cell component is predictive of an 
adverse outcome.” 

Pleomorphic liposarcoma, a variant not commonly seen 
in the paratesticular region, presents as a mass that often 
has necrotic areas. This tumor is very cellular, with highly 
atypical, pleomorphic nuclei and numerous mitotic figures. 
Pleomorphic liposarcoma may resemble malignant fibrous 
histiocytoma with intermingled lipoblasts, or it may be com- 
posed of sheets of epithelioid, pleomorphic, lipoblast-like 
cells.” These are high-grade sarcomas, and associated mor- 
tality exceeds 40%.°4 

The differential diagnosis of well-differentiated liposar- 
coma of the paratestis is with benign lipomas. Cytologic 
characteristics are important in the assessment of these 
lesions because well-differentiated lipoma-like liposarco- 
mas have nuclear atypia that is not seen in benign lesions 
of fat. The appearance of sclerosing liposarcomas is suf- 
ficiently characteristic that is should not be confused with 
other lesions. Dedifferentiated liposarcomas must be dis- 
tinguished from other sarcomas by the presence of a well- 
differentiated liposarcoma component. The possibility of 
extension of metastasis from retroperitoneal liposarcomas 
must be excluded before classifying a liposarcoma as a pri- 
mary paratesticular liposarcoma. 


Malignant Fibrous Histiocytoma 

Malignant fibrous histiocytoma occurs rarely in the parates- 
ticular area.*°°*°8 Fewer than 20 cases have been reported 
in the English literature. Most paratesticular malignant 
fibrous histiocytomas occur in men over the age of 50.°” 
They occur as solitary mass lesions that range in size from 
<1 cm to more than 20 cm.*” Nine patients in one recent 
series*” had satellite tumor nodules at presentation. These 
tumors are grayish-tan masses that may contain necrosis. 
Microscopic examination shows intermediate- to high- 
grade sarcomas that usually display a storiform pattern of 
spindle-shaped cells. Myxoid, giant cell, and inflammatory 
variants of malignant fibrous histiocytomas are less com- 
mon that the storiform type. Lin et al.’” recently reported 
that 83% of paratesticular malignant fibroma histiocytomas 
are of the storiform—pleomorphic type, with only a few 
giant cells, inflammatory and myxoid variants. Cells are 
pleomorphic, with atypical hyperchromatic nuclei, variable 
numbers of mitotic figures, and sometimes an associated 
inflammatory infiltrate. Tumors with a prominent inflamma- 
tory infiltrate may be misdiagnosed as inflammatory myofi- 
broblastic tumor. 

The differential diagnosis of malignant fibrous histiocy- 
toma includes other pleomorphic sarcomas, metastatic car- 
cinoma, and metastatic melanoma. Immunohistochemical 
stains are useful in confirming the diagnosis. Tumor cells 
stain positively for vimentin and CD68. Stains for cyto- 
keratin, S-100 protein, desmin, smooth muscle actin, mus- 
cle-specific actin, CD34, epithelial membrane antigen, and 
CD117 are negative. Stains for cytokeratin and melanoma 
markers are useful in excluding the possibility of metastatic 
carcinoma or melanoma. 

Malignant fibrous histiocytoma may be diagnosed ear- 
lier in the paratesticular region than at other sites and may 
therefore be associated with a better prognosis than the same 
tumor at other locations,” although retroperitoneal and 
mediastinal adenopathy has been reported in some cases.*” 
Lin et al.” found that tumor size does not predict clinical 
progression, but satellite nodules at the time of disease pre- 
sentation are an indication of early local metastasis; progres- 
sion of disease was commonly associated with these satellite 
nodules. Recurrence and metastasis is common for parates- 
ticular malignant fibrous histiocytomas. The overall progno- 
sis is poor despite adjuvant therapy. 


Grading and Staging of Paratesticular Sarcomas 

The American Joint Committee on Cancer staging system is 
currently used in the United States.*! Paratesticular sarco- 
mas are classified as either low-grade or high-grade sarco- 
mas. Low-grade tumors include those classified as grade 1 
in a three-tier system and those classified as grades 1 and 2 
in a four-tier grading system. High-grade sarcomas are those 
classified as grades 2 and 3 in a three-tier grading system 
and those classified as grades 3 and 4 in a four-tier system. 
All paratesticular sarcomas should be considered deep neo- 
plasms. The TNM stage grouping takes into account the size 
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of the primary tumor, presence or absence of lymph node 
and distant metastases, and tumor grade. 


Treatment of Paratesticular Sarcomas 

All paratesticular sarcomas should be managed by com- 
plete resection with high ligation of the spermatic cord.“ “™ 
Inadequately resected tumors should be treated with wide ingui- 
nal reresection, including completion orchiectomy or removal 
of the cord remnant to the level of the internal inguinal ring 
with surrounding soft tissue and scar excision, all with negative 
surgical margins.*“ Large tumors, those with an inguinal loca- 
tion, prior transection of the tumor, and involved or close mar- 
gins are associated with increased risk of local recurrence*™ 
that may be decreased with adjuvant radiotherapy.**% The 
question of whether a retroperitoneal lymph node dissection 
should be performed is controversial, 4 but no study has 
shown that a prophylactic lymph node dissection is beneficial 
in general. Retroperitoneal lymph node dissection has been 
recommended for patients with rhabdomyosarcoma and radio- 
graphically suspicious lymph nodes.*“67°> Adjuvant chemo- 
therapy has been very effective in children with paratesticular 
rhabdomyosarcoma,*“**® but there has not been a controlled 
study of its benefit in adult patients. In other anatomic sites, it 
has been shown to increase time to recurrence or metastasis at 
other sites*° and to increase overall survival in patients with 
high-grade sarcomas.*”” 


Hematopoietic and Lymphoid Neoplasms 
Malignant Lymphoma 


Paratesticular lymphoma is usually the result of spread to 
the epididymis or spermatic cord from a primary lymphoma 
in the testis,**4° although lymphoma may also spread from 
other primary sites. There are only a few reported cases of 
lymphoma presenting as an epididymal mass, and patient ages 
have ranged the third decade to the eighth decade of life.*°**! 

Types of lymphoma presenting as paratesticular masses are 
variable. One young patient had an extranodal marginal zone 
B-cell lymphoma of the mucosa-associated lymphoid tissue 
type confined to the epididymis; this patient was disease-free 
36 months after surgical excision.“!! Three other patients in 
the third and fourth decades of life had sclerosing lymphomas 
that were either partially or totally follicular and either mixed 
small and large cell type or a large cell lymphoma. *084!!412 
While one of these three tumors was bilateral, none had spread 
beyond the epididymis. Two patients were not initially treated 
because they were not recognized as lymphoma, and both 
recurred.**4!3 One older patient had an Epstein-Barr virus— 
positive intravascular lymphoma of T-cell lineage. Although 
the tumor initially presented as an epididymal tumor, dissemi- 
nated tumor was later discovered. It resulted in patient death in 
spite of chemotherapy.*!° Two elderly patients had stage I dif- 
fuse large cell lymphomas that were treated with radiation in 
one case and chemotherapy in the other case.*!**5 Follow-up 
was short in both cases, but one patient had developed wide- 
spread disease and died within a year of diagnosis. While the 
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number of epididymal lymphomas has been quite limited, 
some authors” have suggested that epididymal lymphomas in 
young men are more likely to be low- to intermediate-grade 
tumors with indolent behavior, in contrast to more aggressive 
lymphomas seen in older patients. 

Spermatic cord lymphoma usually represents spread from 
testicular lymphoma.*” Only 13 cases of primary spermatic 
cord lymphoma have been reported.****!°4!7 Those patients 
ranged in age from 21 to 89 years and presented with hard, 
painless masses in the upper scrotum or inguinal canal. The 
tumors were usually diffuse large cell lymphomas. Most 
patients were treated surgically, either with or without radia- 
tion, and most developed widespread or central nervous sys- 
tem relapses shortly after diagnosis. Lymphomas involving 
the spermatic cord behave in a manner similar to those in 
the testis, and local therapy alone is not adequate treatment. 
One reported case of paratesticular lymphoma involved the 
tunica albuginea bilaterally.“ One adult patient presented 
with right inguinoscrotal pain and swelling 7 years after 
a renal transplant and died despite chemotherapy for his 
aggressive posttransplant epididymal lymphoma.*"® 

Most lymphomas of the paratesticular area have been 
B-cell lymphomas, but an epididymal T-cell lymphoma*!” 
and a case of secondary mycosis fungoides*!? have been 
reported in the epididymis. 


Plasmacytoma 


Plasmacytoma has been reported in the epididymis of 
middle-aged to elderly patients, some of whom have had 
multiple myeloma.*” These tumors are composed of aggre- 
gates of plasma cells that may be atypical or immature and 
express either monotypic immunoglobulins of IgG or IgA 
type or light chains without heavy chains. They do not usu- 
ally stain with the B-cell marker CD20 or leukocyte common 
antigen, but they usually do express CD79a and (often) epi- 
thelial membrane antigen.*° Poorly differentiated tumors may 
stain for epithelial membrane antigen and/or CD138 without 
CD20 or CD45 staining, causing a mistaken consideration of 
an epithelial tumor. Attention to the cytologic features and 
clinical history are helpful in achieving the correct diagnosis. 


Granulocytic Sarcoma 


Granulocytic sarcoma is very rare in the paratesticular 
region, and it usually represents disease spread from the tes- 
tis.7! One 73-year-old man who presented with granulocytic 
sarcoma of the epididymis with extension to the spermatic 
cord later developed acute myeloid leukemia.*® This tumor 
may be mistaken for lymphoma. The presence of eosinophils 
in the infiltrate may be helpful in establishing the correct 
diagnosis. Patients may have circulating blasts and acute 
myeloid leukemia. Neoplastic myeloid cells usually stain 
positively by histochemical stains for chloroacetate esterase 
and by immunohistochemical stains for myeloperoxidase 
and lysozyme, but not for the B- and T-cell markers seen in 
lymphomas.” 
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Other Rare Neoplasms 


Melanotic Neuroectodermal Tumor of Infancy 
(Synonyms: Retinal Anlage Tumor, Melanotic 
Hamartoma, Melanotic Progonoma) 


Melanotic neuroectodermal tumor of infancy is also known 
as melanotic progonoma and retinal anlage tumor. It is rare 
and is seen in children <1 year of age. Most of these tumors 
occur in the head and neck.*”? Several cases have been 
reported in the paratesticular region, especially in the epi- 
didymis.*>*> Some authors believe that melanotic neuroec- 
todermal tumors are dysembryogenetic neoplasms that are 
always congenital. These tumors are of neuroectodermal 
origin. They occur in young children, although one parates- 
ticular tumor was reported in an 8-year-old child.” 

The typical clinical presentation of melanotic neuroec- 
todermal tumors is a scrotal firm mass, sometimes associ- 
ated with a hydrocele, in an infant. Urinary vanillylmandelic 
acid/homovanillic acid levels are elevated in some patients 
and are potentially useful in detecting recurrent disease. 

Melanotic neuroectodermal tumors of infancy typi- 
cally involve the epididymis. They are well-circumscribed, 
blue-gray rubbery masses that measure <4 cm in diameter. 
Microscopically, these tumors display two cell populations. 
Cellular aggregates of tumor cells are separated by fibrous 
stroma. Large, melanin-containing, columnar to cuboidal 
epithelioid cells are located peripherally around nests of 
smaller neuroblastic cells with scant cytoplasm and a neuro- 
fibrillary background (Fig. 13-31). Mitoses are usually rare, 


Figure 13-31 Œ Melanotic 
neuroectodermal tumor of 
infancy. A: Low-power pho- 
tograph showing infiltrating 
melanocytic lesion involving epi- 
didymis. B: Note nests and cords 
of epithelioid cells with abundant 
melanin pigment. 


but they may be seen in the small cell component. Necrosis 
is rare in these tumors. Tumor cells may surround tubules of 
the epididymis in an infiltrative pattern. Metastatic lesions 
may contain either the larger, pigmented cells or the neu- 
roblast-like cells, and ganglion cell differentiation has been 
described in metastatic lesions.#74?’ 

Melanotic neuroectodermal tumor of infancy expresses 
epithelial, neural, and melanocytic immunohistochemical 
markers. The pigmented cells stain for both cytokeratin and 
HMB.45; they may also be EMA-positive. Both cell popula- 
tions often stain positively with antibodies to neuron-specific 
enolase and Leu7. The cells resembling neuroblasts stain 
positively for glial fibrillary acidic protein, neurofilament 
protein, and synaptophysin.** Negative staining for desmin 
excludes rhabdomyosarcoma and desmoplastic round cell 
tumor from the differential diagnosis, but occasional mela- 
notic tumors of infancy do display desmin positivity.*” 

Ultrastructural analysis shows both epithelial and mela- 
nocytic differentiation in the large cells, which contain des- 
mosomes as well as melanosomes and pre-melanosomes. 
The smaller, neuroblast-like cells contain dense-core gran- 
ules and microtubules; they also form dendritic processes.*” 
Rare cells may contain both dense-core granules and 
melanosomes.*° 

Recognition of the dual cell population in a paratesticular 
tumor in a young infant is the key to the correct diagnosis. If 
pigmented cells are scant or only one cell population is seen, 
the differential diagnosis includes other small round blue cell 
tumors. Thorough sampling to reveal both cell populations is 
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essential. Positivity of the large cells for HMB45 excludes 
the possibility of either rhabdomyosarcoma or desmoplastic 
small round cell tumor. Homer-Wright rosettes characteris- 
tic of neuroblastoma are not seen in melanotic neuroectoder- 
mal tumor of infancy. A panel of immunostains is useful, but 
the fact that melanotic neuroectodermal tumor of infancy 
may be desmin-positive should be borne in mind. 

Behavior of melanotic neuroectodermal tumors of 
infancy is unpredictable. Recurrences may be seen in about 
half of patients when all primary disease sites are consid- 
ered, with metastatic disease occurring in 5% to 10% of 
cases.”7"8 Two of twenty-four patients with paratesticular 
tumors have had local or regional lymph node metastases. 
One patient was treated with chemotherapy and the other 
with lymph node dissection; both were disease free after 
24 and 48 months.’ There are no histologic criteria to 
predict which tumors may recur or metastasize. 


Desmoplastic Small Round Cell Tumor 


Desmoplastic small round cell tumors are highly aggressive 
small round blue cell tumors that arise in association with 
mesothelial surfaces. They are much more common in males 
than in females. They have a distinctive immunophenotype 
and they are associated with a specific chromosomal abnor- 
mality. They metastasize and also spread by serosal seed- 
ing. Paratesticular desmoplastic small round cell tumors are 
associated with the tunica vaginalis. They may be primary 
or secondary. Several of these tumors have been reported in 
patients who presented with symptoms in the paratesticular 
region.?? 43 

These neoplasms occur in young patients between the 
ages 17 and 35 years. Patients typically present with a pain- 
less scrotal mass that may be accompanied by swelling of 
the scrotum and leg. Some patients have had symptoms for 
only | month, whereas others report symptoms for 2 years 
before diagnosis.*” 

Desmoplastic small round cell tumors are firm, gray- 
white neoplasms that may display areas of necrosis or myx- 
oid change on gross examination. In the paratestis, these 
tumors usually consist of a dominant nodule that measures 
between 2.5 and 5.5 cm in diameter, with surrounding satel- 
lite nodules studding the testicular tunics and involving the 
epididymis.“ 

Microscopic examination (Fig. 13-32) typically shows 
fibrous stroma surrounding nests of tumor cells with 
enlarged, hyperchromatic round nuclei, little cytoplasm, 
numerous mitotic figures, and areas of necrosis. Cell bor- 
ders are indistinct. Lymphovascular space invasion is often 
present. However, atypical histologic features may compli- 
cate the diagnosis. Glands, pseudorosettes, signet ring cells, 
and rhabdoid features may be present.#4®#5 Some tumors 
have abundant eosinophilic cytoplasm that produces a rhab- 
doid appearance to the cells, some contain glycogen, and 
some tumors have mucin-negative cytoplasmic vacuoles 
that produce a signet ring appearance in the neoplastic cell 
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Figure 13-32 E Desmoplastic small round cell tumor. Note 
sheets and broad trabeculae of poorly differentiated cohesive cells 
separated by abundant fibrous stroma. (Image courtesy of Dr 
Steven Shen, Houston, TX.) 


nests.4®6 Pseudorosettes and tubular formations mimic 
the appearance of primitive neuroectodermal tumor in some 
cases of desmoplastic small round cell tumor. Psammoma 
bodies have been reported in one case of paratesticular des- 
moplastic small round cell tumor.**° 

Desmoplastic small round cell tumors have a very distinct, 
polyphenotypic immunohistochemical profile. These neo- 
plasms express three different intermediate filaments, includ- 
ing cytokeratin, desmin, and vimentin. Immunohistochemical 
stains are useful in distinguishing these tumors from other 
round cell sarcomas including rhabdomyosarcoma and 
primitive neuroectodermal tumors.“*° Desmoplastic round 
cell tumors show positive staining for desmin, cytokeratin 
(often with a dot-like pattern), epithelial membrane antigen, 
neuron-specific enolase, vimentin, and often WT1. Some 
tumors stain for MIC2.**° Stains for actin and chromogranin 
are generally negative. Rare tumors with the characteristic 
chromosomal translocation seen in desmoplastic small round 
cell tumors have failed to express cytokeratin or epithelial 
membrane antigen.**” 

Electron microscopy reveals nonspecific features that 
include primitive cells with a few poorly developed cell 
junctions, aggregates of intermediate filaments, some glyco- 
gen, and rare dense-core granules.*” 

Desmoplastic small round cell tumors display a unique 
chromosomal abnormality, t(11;22) (p13,q12) that results 
in the fusion of the EWS gene on chromosome 22 to 
the Wilms tumor suppressor gene (WT1) on chromo- 
some 11. The EWS-WT1 transcript can be detected by 
reverse transcriptase-polymerase chain reaction or by 
immunohistochemistry.**’ 

The differential diagnosis of paratesticular desmoplastic 
small round cell tumor includes embryonal rhabdomyosar- 
coma, lymphoma, primitive neuroectodermal tumor, and 
melanotic neuroectodermal tumor of infancy. Paratesticular 
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rhabdomyosarcoma most commonly occurs in children, 
whereas desmoplastic small round cell tumor is usually seen 
in young adults. Rhabdomyosarcomas stain with antibodies 
to muscle-specific actin (HHF35), in contrast to desmoplas- 
tic small round cell tumor, which is negative for actin mark- 
ers. Both tumors stain for desmin. Only desmoplastic small 
round cell tumor is polyimmunophenotypic, with positive 
staining to cytokeratin, epithelial membrane antigen, and 
neuron-specific enolase in addition to desmin and vimentin. 

Malignant lymphoma also displays a small round blue 
cell population, but the cells are not arranged in the nested 
aggregates seen in desmoplastic small round cell tumor. 
Immunohistochemical profiles of these two neoplasms are 
completely different and will resolve any diagnostic prob- 
lems between the two tumors. As mentioned above, occa- 
sional desmoplastic small round cell tumors display tubules 
and rosettes, leading to potential confusion with primitive 
neuroectodermal tumor.*? Cytokeratin and desmin positiv- 
ity are characteristic of desmoplastic small round cell tumor, 
in contrast to the MIC2 (HBA71) positivity that is seen in 
primitive neuroectodermal tumors. However, MIC2 may be 
seen in some desmoplastic small round cell tumors, and we 
have seen some desmin staining in primitive neuroectoder- 
mal tumors. Cytokeratin staining is not seen in primitive 
neuroectodermal tumors. Cytogenetic testing should resolve 
the dilemma in difficult cases. 

Desmoplastic small round cell tumors are very aggressive 
malignant neoplasms; most patients do not survive more than 
2 years. Paratesticular tumors may be detected at an earlier 
stage than abdominal tumors and therefore have a slightly 
better prognosis. A few patients have been alive without 
disease 2.5 to 3 years after diagnosis.” Treatment includes 
aggressive surgery and intensive multidrug chemotherapy.*** 


Extratesticular Germ Cell Tumors 


Primary paratesticular germ cell tumors have been rarely 
described.**°#° Concurrent or regressed testicular germ cell 
tumors should be excluded before diagnosing a primary 
germ cell tumor in the paratestis. Significant scarring and/or 
the presence of intratubular germ cell neoplasia provide evi- 
dence for a regressed testicular germ cell tumor. The possi- 
bility of undescended testes should also be excluded because 
they may be a source of inguinal germ cell tumors. 


Extratesticular Sex Cord—Stromal Tumors 


Extratesticular sex cord—stromal tumors have been described 
in the paratestis,**'“” but they are very rare. Some may arise 
from Leydig cells present in the spermatic cord or from inci- 
dental Sertoli cell nodules in the epididymis or rete testis.*° 
Fibromas of gonadal stromal origin occur in the testis, but 
some are adjacent to the tunica albuginea and may be con- 
fused with fibromas originating from the testicular tunics. 
Fibromas of gonadal stromal origin have stroma resembling 
ovarian fibromas, in contrast to the more collagenous and 
less cellular fibromas originating from the testicular tunics. 


Neuroblastoma 


The paratestis has been a presenting location for neuroblas- 
toma in some young infants. Some neuroblastomas 
represent metastases from primary tumors in the adrenal 
gland,“ but one paratesticular neuroblastoma associated 
with ectopic adrenal cortical tissue was considered to rep- 
resent multifocal origin of the tumor.** These tumors are 
small round blue cell tumors with a neurofibrillary back- 
ground, often a high mitotic rate, and variable numbers of 
Homer- Wright pseudorosettes. 


Paraganglioma 


Six cases of paraganglioma have been reported in the sper- 
matic cord.“ These lesions usually present as mass lesions 
without neuropeptide production. These tumors display the 
typical “zellballen” surrounded by a delicate vascular net- 
work as seen in paragangliomas in more typical locations. 
Immunohistochemical markers such as CD56, chromo- 
granin, and synaptophysin are useful in confirming a diagno- 
sis of paraganglioma. All cases reported in the paratesticular 
region have been benign tumors.*° 


Carcinoid Tumor 


One case of primary carcinoid tumor of the epididymis has 
been reported.“ Other rare carcinoid tumors of the parates- 
ticular region have been metastatic, rarely as the first mani- 
festation of carcinoid tumors of the small intestine.** 


Wilms Tumor 


Fifteen cases of inguinal and scrotal Wilms tumor have 
been reported.” Primary extrarenal Wilms tumor has been 
reported in the paratestis in two young children***° and a 
23-year-old man. These tumors present as mass lesions and 
have the epithelial, blastema, and stromal components char- 
acteristic of Wilms tumor. The possibility of metastatic tumor 
from the kidney should be excluded, although metanephric 
rests in the paratesticular region could represent a precur- 
sor lesion. Primary extrarenal nephrogenic rests also occur 
rarely in this anatomic region* and must be distinguished 
from Wilms tumor. 


Squamous Cell Carcinoma 


There is a single report of paratesticular squamous cell car- 
cinoma in a hydrocele sac of an 85-year-old man.**! The 
hydrocele sac displayed squamous metaplasia, dysplasia, 
and invasive squamous carcinoma. 


Secondary Neoplasms 


Metastatic tumors may be seen in the epididymis, testicular 
tunics, and the spermatic cord. In one review of 112 para- 
testicular tumors, 5 neoplasms represented tumor metastatic 
to the paratesticular region.“' A different study found that 
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Figure 13-33 E Metastatic prostatic carcinoma in rete testis. 
Tumor present in lymphatic and vascular spaces is characteristic of 
metastatic carcinoma. 


metastatic tumors accounted for only 8.1% of all malignant 
tumors of the epididymis and/or spermatic cord.“ Most 
cancers that metastasize to the paratestis are known carcino- 
mas in men over the age of 50 with high-stage disease, but 
paratesticular metastases may rarely be the presenting find- 
ing. Metastatic tumors in the paratestis may present as fixed 
inguinal hernias, intrascrotal masses, or areas of thickening 
of the spermatic cord. Some metastatic tumors are discov- 
ered incidentally. 

Stomach cancer has been the most frequent type of 
metastatic tumor in the spermatic cord and epididymis; it 
accounts for 42.8% of metastases to these sites.*? Prostate 
cancer accounts for 28.5% of metastases (Fig. 13-33).*? 
Other primary tumor sites include the testis, kidney,*? lung, 
intestine, and appendix,***°> liver and biliary tract,4°°*’ pan- 
creas,** skin (melanoma),*° and brain medulloblastoma.*” 
Prostate carcinoma may spread through the vas deferens. 
Other neoplasms metastasize by way of lymphatic and vas- 
cular channels. There may be a tendency for left-sided renal 
cell carcinoma to metastasize to the paratesticular region 
because the left gonadal vein enters the left renal vein.**! 

Tumors that are metastatic to the paratestis may mimic the 
appearance of primary paratesticular neoplasms. The differ- 
ential diagnosis of metastatic carcinoma in the paratesticular 
region includes adenocarcinoma of the epididymis, rete tes- 
tis adenocarcinoma, primary serous carcinoma of the para- 
testicular region, and malignant mesothelioma. Evaluation 
of the medical history, the location of the tumor, the his- 
tologic pattern, and judicious use of immunohistochemical 
are very useful in distinguishing metastatic carcinoma from 
primary tubulopapillary tumors of the paratesticular region. 

Papillary cystadenoma of the epididymis and metastatic 
renal cell carcinoma both occur in patients with von Hippel- 
Lindau syndrome, but the bland cytologic features and cystic 
spaces seen in cystadenoma are helpful for that diagnosis. In 
general, the presence of bilateral tumors, multiple masses, 
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prominent lymphatic or vascular space invasion by tumor, 
signet ring cells, or architecture not typical of known tumors 
of the paratesticular region should prompt consideration of 
a metastatic lesion. 

Since metastases in the paratesticular region are usually 
associated with advanced disease, patients have a very poor 
prognosis. The average survival after discovery of the meta- 
static tumor was 9.1 months in one series.** 
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Penis and Scrotum 


ELSA F. VELAZQUEZ, MAHUL B. AMIN, and ANTONIO L. CUBILLA 


THE PENIS 
Embryology 


The genital eminence, an external mound arising between 
the umbilicus and the tail, is made up of the genital tubercle 
and the genital swellings.’ The urogenital sinus opens at 
the base of the genital tubercle, between the genital swell- 
ings. These structures form identically in male and female 
embryos up to 7 weeks’ gestational age. Development of 
the male external genitalia is dependent upon dihydrotes- 
tosterone, which is produced by the testes. At 9 weeks of 
gestational age, and under the influence of testosterone, the 
genital tubercle starts to lengthen. In addition, the genital 
swellings (also called the labioscrotal folds) enlarge and 
rotate posteriorly. As they meet, they begin to fuse from 
posterior to anterior. As the genital tubercle becomes lon- 
ger, two sets of tissue folds develop on its ventral surface 
on either side of a developing trough, the urethral groove. 
The more medial endodermal folds will fuse in the ventral 
midline to form the male urethra. The more lateral ectoder- 
mal folds will fuse over the developing urethra to form the 
penile shaft skin and the prepuce. As these two layers fuse 
from posterior to anterior, they leave behind a skin line: the 
median raphe. By 13 weeks, the urethra is almost complete. 
A ring of ectoderm forms just proximal to the developing 
glans penis. This skin advances over the corona glandis and 
eventually covers the glans entirely as the prepuce or fore- 
skin. The tip of the penis, which is now called the glans, then 
begins to form a cord of ectoderm that grows toward the 
spongy urethra. This cord is known as the urethral plate and 
when it canalizes, the end of the urethra (external urethral 
orifice) is at the tip of the penis. 

The foreskin is formed in the 12th week of develop- 
ment. A septum of ectoderm moves inward around the 
edges of the penis and then breaks down, leaving a thin 
layer of skin surrounding the penis. During this time, the 
penis is also developing its corpora cavernosa and spon- 
giosa from proliferating mesenchyme within the genital 
tubercle. 


Anatomical Features 


The complexity of the penis is partially related to the 
characteristics of the surface epithelium, which includes both 
skin and mucous membrane. The penis is composed of three 
portions: the distal part (glans or head), mid part (corpus 
or shaft), and proximal part (root) (Figs. 14-1 and 14-2).?° 
The head consists of the glans, coronal sulcus, and foreskin. 
The cutaneous portions of the penis include the root, shaft, 
and outer foreskin. The mucosal portions are the glans, coro- 
nal sulcus, and inner surface of the foreskin. The mucosal 
(distal) portion of the penis is particularly important from 
the surgical pathology viewpoint because it is from this por- 
tion that most squamous cell carcinomas (the most frequent 
malignancy at this site) arise. The foreskin or prepuce is a 
virtual sac that encases the head of the penis and distally 
reflects over the preputial orifice (Figs. 14-2 and 14-3). The 
inner (mucosal) surface of the prepuce is smooth and pink 
and the outer (cutaneous) surface is wrinkled and dark.’ 

The rubbery and conical glans contains the meatus 
urethralis, corona, and frenulum (Fig. 14-1). The meatus is 
vertical and is located at the apex, from which the frenulum 
arises, traversing the ventral portion of the glans to its inser- 
tion at the base where the glans is attached to the foreskin. The 
glans corona is a circumferential elevated rim at the base of the 
glans (Fig. 14-1). Grossly, the cut surface of the glans reveals 
four anatomical layers that from the surface to deep portions 
are a thin and white epithelium, lamina propria, corpus spon- 
giosum, and corpora cavernosa (Figs. 14-2 and 14-3). The 
tunica albuginea is seen as a thick white sheath encasing the 
corpora cavernosa (Figs. 14-2 and 14-3). The coronal sulcus 
(balanopreputial sulcus) is a cul-de-sac located between the 
glans corona and foreskin. The preputial length is variable. 
In short foreskins, the preputial orifice is located proximally 
to the corona; in intermediate foreskins, the preputial orifice 
is located between the meatus and corona. Long foreskins 
entirely cover the glans. There is a significant association 
between long and phimotic foreskins and penile cancer.’ 

The main components of the shaft are the erectile tissues 
of the corpora cavernosa. A transverse cut section of the shaft 
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Figure 14-1 E Diagram illustrating the distal and mid por- 
tions of the penis. The distal part corresponds to the glans or head 
(G) and the mid part corresponds to the corpus or shaft (S). The 
distal portion consists of the glans, coronal sulcus (cos), and fore- 
skin (Fk). The foreskin was retracted to better illustrate the other 
structures. In the glans, there is the glans corona (gc), meatus (m), 
and frenulum (Fr). 


reveals, from outside to inside, the skin, dartos, penile fascia 
(Buck fascia), albuginea, erectile tissue (corpus spongiosum 
and corpora cavernosa), and urethra (Fig. 14-4). The penile 
or pendulous urethra is ventrally located in the corpus and 
head and runs surrounded by the corpus spongiosum (Fig. 
14-4). 


Microscopic Features 


The glans is covered by a nonkeratinizing to slightly keratin- 
ized squamous epithelium without adnexal structures. The 
lamina propria, which measures 2 to 3 mm in thickness, is 


Figure 14-2 E Diagram to illustrate the different parts of the 
penis. The blue line passing through the coronal sulcus separates 
the glans (G) from the shaft or body (B). The anatomical levels in 
the glans are the epithelium (e), lamina propria (Ip), corpus spon- 
giosum (cs), and, in two-thirds of the cases, the distal portion of 
the corpus cavernosum (cc) and tunica albuginea (a). Anatomical 
levels of the foreskin (F) include the epithelium (e), lamina propria 
(dt), and skin (s). The levels of the coronal sulcus are epithelium, 
lamina propria, dartos, and Buck fascia (Bf). In some cases, there 
is no dartos between lamina propria and Buck fascia at this level. 


Figure 14-3 E Cut surface ofa partial penectomy specimen. 
Fk, foreskin; CS, corpus spongiosum; TA, tunica albuginea; CC, 
corpus cavernosum. (Reprinted from Mills, SE, ed. Histology for 
Pathologists. 4th ed. Philadelphia: Lippincott Williams & Wilkins; 
2012, with permission.) 


composed of loose connective tissue containing small blood 
and lymphatic vessels and nerves (Fig. 14-5). The corpus 
spongiosum is a complex erectile tissue predominantly com- 
posed of interanastomosed vascular channels separated by 
fibrous trabeculae. The thickness of the glans corpus spon- 
giosum varies from 6 to 13 mm.** The corpora cavernosa 
slightly protrudes into the glans in more than two-thirds of 
the specimens (Fig. 14-2).8 The penile shaft is predominantly 
formed by the erectile tissues of the thick corpora cavernosa 
and the thinner corpus spongiosum, the latter surrounding the 
urethra (Figs. 14-6 and 14-7). The corpora cavernosa are pre- 
dominantly composed of thick and interanastomosing erec- 
tile vascular structures separated by a complex tridimensional 


Figure 14-4 E Diagram of a cross section passing through 
the mid shaft of a partial penectomy specimen. S, skin; D, dartos; 
BF, Buck fascia; A, tunica albuginea; CC, corpus cavernosum; CS, 
corpus spongiosum; U, urethra. 
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Figure 14-5 Œ Glans anatomical layers: squamous epithelium, 
lamina propria, and corpus spongiosum. 


network of trabecula (Fig. 14-7). The vascular structures of 
the corpora cavernosa are thicker and more complex, and 
the connective tissue of the trabecula contains more smooth 
muscle bundles when compared with the corpus spongio- 
sum.’ There are also thin nutritional vessels within the matrix 
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of the corpora cavernosa. The tunica albuginea is a hyaline 
fibrous sheath measuring approximately 1 to 3 mm in thick- 
ness that surrounds and separates the corpus spongiosum and 
corpora cavernosa (Figs. 14-4, 14-6C, and 14-7). The Buck 
fascia surrounds the tunica albuginea and erectile tissues of 
the shaft and extends distally to the coronal sulcus where it 
is continuous imperceptibly with the connective tissue of the 
dartos or with the lamina propria (Figs. 14-4 and 14-6C). The 
Buck fascia is an important pathway of tumor progression 
and is composed of loose fibroadipose tissue with numer- 
ous blood vessels and nerves (Fig. 14-6C). It is surrounded 
by the dartos of the shaft that is present underneath the skin 
surface (Fig. 14-4). 

The foreskin shows five histologic layers that, from 
the inner to the outer surface, are the mucosal squamous 
epithelium, lamina propria, dartos, dermis, and epidermis 
(Fig. 14-8). The mucosal epithelium is nonkeratinizing to 
slightly keranized squamous, similar to that of the glans. Skin 
adnexa are absent; however, scarce, small sebaceous glands 
not associated with hair follicles may be rarely identified, 
especially near the cutaneous transition. The preputial lamina 
propria is thin and composed of loose fibrous tissue contain- 
ing small vessels and nerves. Numerous genital corpuscles 


Figure 14-6 E A-C: Urethra and periurethral cylinder. 
A: Diagram to illustrate the anatomical layers at this level—from 
inside to outside: urethral epithelium (E), lamina propria (LP), cor- 
pus spongiosum (CS), tunica albuginea (TA), and Buck fascia (PF). 
(Reprinted from Mills, SE, ed. Histology for Pathologists. 4th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2012, with permis- 
sion.) B: Microscopic section showing the urethra surrounded by 
the corpus spongiosum. C: Periurethral corpus spongiosum (left) 
surrounded by a thin tunica albuginea (marked with the arrow) and 
Buck fascia (right). The urethra and periurethral cylinder represent 
an important pathway of tumor progression and an important mar- 
gin to be evaluated in partial penectomies. 
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Figure 14-7 WŒ Histologic features of the corpus cavernosum 
surrounded by the tunica albuginea. There are irregular and inter- 
anastomosing thick-walled vessels separated by a fibromuscular 
stroma. This erectile tissue is surrounded by the thick dense con- 
nective tissue of the albuginea. A few adipose cells may be seen in 
the tunica albuginea and corpus cavernosum. 


are present in the superficial lamina propria just underneath 
the epithelium.® The dartos is a muscular layer, in which 
irregularly arranged bundles of smooth muscle are seen in a 
background of loose connective tissue associated with vas- 
cular structures, nerves, and pacinian corpuscles.? The skin 
is composed of the epidermis with a slightly hyperpigmented 
basal layer and a few small adnexal structures in the dermis. 

The anatomical levels in the coronal sulcus vary from 
three to four and from top to bottom include the squamous 
epithelium, lamina propria, dartos, and Buck fascia.* The 
dartos is not present at this site in approximately half of the 
specimens. When present, it is continuous with the corpo- 
ral and preputial dartos. The squamous epithelium is often 


Figure 14-8 W Histology of the foreskin to show its five 
anatomical layers. From top to bottom: epidermis, dermis, dartos, 
lamina propria, and squamous epithelium of the mucosal surface. 
Most squamous cell carcinomas arise from the mucosal surface of 
the foreskin. 


Figure 14-9 W Histologic features of the penile urethral epi- 
thelium composed of stratified basaloid cells with a columnar cell 
layer at the surface. 


keratinized but not associated with adnexal structures. The 
lamina propria is identical to that seen in the glans. 

The penile urethral epithelium is composed of stratified 
basaloid cells with a columnar cell layer at the surface 
(Fig. 14-9). This epithelium differs from classical urothe- 
lium; umbrella cells are not present.*” Periurethral mucinous 
Littre glands as well as prostate-specific antigen—positive 
prostatic-like glands and ducts are associated with the 
urethra.'° The distal 5 to 6 mm of the penile urethra, which 
includes the fossa navicularis, shows a nonkeratinizing clear 
cell/hyperglycogenated squamous epithelium that is contin- 
uous with the glans epithelium. 


Arteries 


The penile arteries are branches of the internal pudenda, a 
branch of the iliac artery. They are divided in the dorsal and 
the cavernous systems. The dorsal arteries run from the base 
of the penis near and on both sides of the dorsal profunda vein 
within the Buck fascia and in the superior groove between 
the corpora cavernosa (Fig. 14-4). Smaller branches, the 
circumflex arteries, irrigate the corpora cavernosa and the 
periurethral corpus spongiosum. Terminal branches irrigate 
the glans, and collateral branches irrigate the skin. The cav- 
ernous arteries penetrate the corpora cavernosa at the site 
where the corpora join, and they run longitudinally near the 
central septum, which divides the corpora. The vasa vaso- 
rum, small arteries that irrigate the erectile tissues and the 
helicine branches, responsible for filling the vascular spaces 
during erection, originate from the cavernous arteries.” 


Veins 


The superficial dorsal vein drains the prepuce and skin and 
runs straight from the foreskin to the base of the penis located 
in the space between the dermis and Buck fascia. It opens 
into the superficial external pudendal vein. The deep dorsal 
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vein runs along the superficial dorsal vein but in a deeper 
plane beneath the Buck fascia. It receives the blood from 
the glans and corpora cavernosa and courses backward in 
the middle line between the dorsal arteries. The deep dorsal 
vein divides into two branches that drain into the pudendal 
plexus. It is noteworthy that the cavernous venous system 
delays venous drainage and in doing so assists in main- 
taining erections.’ The deep dorsal vein of the penis has a 
connection with the vertebral veins; hence it is possible for 
metastases to make their way to the vertebrae or even to the 
skull and brain without going through the heart and lungs. 
Pyogenic organisms may be transported by the same route.” 


Nerves 


The nerves originate in the sacral and lumbar plexuses. 
Peripheral nerves run along the arteries. Dorsal nerves are 
located external to the arteries, giving circumflex branches 
to the corpora cavernosa. The terminal branches end in the 
glans and foreskin.*'* 


Lymphatics 


The lymphatics of the foreskin spring from a network that 
covers its internal and external surfaces; they arise from the 
lateral aspect and converge dorsally with the skin of the shaft 
lymphatics to form 4 to 10 vessels that run toward the pubis; 
here they diverge to drain into the right and left superficial 
inguinal lymph nodes. The lymphatics draining the glans 
form a rich network that, beginning in the lamina propia, 
course toward the frenulum where they coalesce with two or 
three trunks from the distal urethra to form several collecting 
trunks following the coronal sulcus. A collar of lymphatics 
entirely surrounds the corona, forming two or three trunks 
that run along the dorsal surface of the penis deep to the fas- 
cia together with the deep dorsal vein. At the presymphyseal 
region they form a rich anastomosing plexus draining into 
superficial and deep inguinal lymph nodes. The male urethra 
has a dense plexus in the mucosa. The lymphatic capillaries 
are especially abundant around the fossa navicularis.* The 
lymphatics of the urethra, corpus spongiosum, and corpora 
cavernosa run toward the ventral surface of the body of the 
penis, reaching the raphe and the dorsum, where they run 
with the dorsal vein ending in the superficial and deep ingui- 
nal lymph nodes. ''!* 


Regional Lymph Nodes 


Inguinal nodes are the first and most frequent site of metas- 
tasis in penile carcinomas. The inguinal lymph nodes can be 
divided into superficial and deep. A horizontal line crossing 
the point where the saphenous vein enters the femoral vein 
marks the division of these two compartments. The super- 
ficial nodes (approximately 10 to 13) are located above the 
cribriform fascia.*'' The sentinel node is usually part of 
the superficial group of nodes located at the superior inner 
quadrant.'' Deep nodes are few, and their lymphatic vessels 
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drain into the pelvic (iliac) lymph nodes, located externally 
or medially along the major iliac vessels." 


CONGENITAL ANOMALIES | 


Penile Agenesis 


Congenital absence of the penis (aphallia) is caused by 
developmental failure of the genital tubercle.’*'* This rare 
anomaly has an incidence of approximately | in 30 million 
population. The phallus is completely absent, including the 
corpora cavernosa and corpus spongiosum. It is usually 
associated with normal scrotum and undescended testes. The 
urethra opens at any point of the perineal midline from over 
the pubis to the anus or anterior wall of the rectum. These 
patients often have other associated genitourinary anomalies. 


Microphallus (Penile Hypoplasia) 


The terms microphallus or micropenis refers to a penis with 
a stretched length more than 2.5 standard deviations less than 
the mean for age. It is usually associated with a normal scro- 
tum and small, undescended testes. Micropenis should be 
differentiated from other types of pseudomicropenis, partic- 
ularly the buried penis in the obese infant and the penis con- 
cealed by an abnormal skin attachment. Micropenis may be 
associated with endocrine and nonendocrine conditions.'”!* 


Penile Duplication 


Duplication of the penis (diphallia) is another rare anomaly 
that results from incomplete fusion of the genital tubercle.!”'* 
It may present in two distinct forms. In the most common 
form, the patient exhibits a bifid penis, which consists of two 
separated corpora cavernosa that are associated with two 
independent hemiglans. The second form, or true diphallia, 
is extremely rare and varies from duplication of the glans 
alone to duplication of the entire lower genitourinary tract. 
The urethral opening can be in its normal position or in a 
hypospadiac or epispadiac position. Associated anomalies of 
the gastrointestinal, genitourinary, and musculoskeletal sys- 
tems are frequently present. 


Webbed and Buried Penis 


Webbed penis is a common congenital abnormality in which 
a web or fold of scrotal skin obscures the penoscrotal angle. 
In the buried (concealed) penis, the penile shaft is hidden 
below the surface of the prepubic skin (Fig. 14-10A). This 
condition usually occurs in obese children in whom the 
abundant prepubic fat covers the penis.'”"* 


Penile Torsion 


In penile torsion, there is a rotational defect of the penile 
shaft. The rotation usually is to the left in a counterclockwise 
fashion. The urethral meatus is placed in an oblique position, 
and the median raphe makes a spiral curve from the base of 
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Figure 14-10 E Congenital anomalies. A: Buried (concealed) penis in which the penile shaft is hidden below the surface of the 
prepubic skin. B: Second-degree hypospadias with the urethral meatus opening on the shaft. C: Clinical appearance of a median raphe 
(parameatal) cyst. D: Median raphe cysts. Histologically, the epithelial lining is stratified columnar reminiscent of the penile urethral epi- 
thelium. (Courtesy of Professor Jae Ro, Methodist Hospital, Houston, Texas.) 


the penis to the meatus. The embryologic abnormality often 
is an isolated skin and dartos defect. Penile torsion may also 
be associated with hypospadias or hooded prepuce.!”!8 


Lateral Penile Curvature 


Congenital penile curvature is a rare deformity secondary to 
asymmetry of corpora cavernosa length. Hemihypertrophy 
of a corpus cavernosum and its accompanying thickened 
tunica albuginea, with or without contralateral concomitant 
hypoplasia (rudimentary corpus), are responsible for the lat- 
eral deviation in congenital curvature of the penis.!™!8 


Penoscrotal Transposition 


Complete penoscrotal transposition is an uncommon con- 
dition in which the scrotum is located in a cephalad posi- 
tion with respect to the penis. A less severe form is a bifid 
scrotum, in which the two halves of the scrotum meet above 
the penis. It is a heterogeneous anomaly, and detection war- 
rants careful clinical evaluation to rule out other major and 


life-threatening anomalies, especially of the urinary system, 
gastrointestinal tract, upper limbs, craniofacial region, and 
central nervous system.'7'8 


Epispadias 


Epispadias is a rare type of malformation in which the ure- 
thra ends in an opening on the dorsal aspect of the penis.!7"* 
It is the partial form of a spectrum of failures of abdominal 
and pelvic fusion in the first months of embryogenesis. The 
opening of the urethra may occur on the dorsal aspect of the 
glans (glandular epispadias), between the pubic symphysis 
and the coronal sulcus (penile epispadias) and at the peno- 
pubic junction (penopubic hypospadias).!7"® 


Hypospadias 


Hypospadias is a birth defect in which the urethral meatus is 
abnormally placed on the ventral aspect of the shaft.!’!* The 
urethral opening may be seen at any point along the urethral 
groove from the glans to the perineum. The urethral meatus 
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Box 14-1 HYPOSPADIAS 


First degree: urethra opens on the glans 
Second degree: urethra opens on the shaft 
Third degree: urethra opens on the perineum 


opens on the glans (first degree hypospadias) in about 50% 
to 75% of cases. Second degree (when the urethra opens 
on the shaft) (Fig. 14-10B) and third degree (when the ure- 
thra opens on the perineum) occur in up to 20% and 30% 
of cases, respectively (Box 14-1). The more severe degrees 
are more likely to be associated with other malformations. 
Hypospadias is among the most common birth defects of the 
male genitalia.'”'® 


Chordee 


This anomaly is ventral or rotational curvature of the penis, 
which is most apparent with erection and is caused by fibrous 
tissue along the usual course of the corpus spongiosum. It is 
often associated with hypospadias. 


Urethral Meatal Stenosis 


Most commonly acquired after newborn circumcision in 
boys, urethral meatal stenosis is occasionally congenital and 
associated with hypospadias. Meatotomy is needed for a sig- 
nificantly deflected stream or for a pinpoint stream. 


Median Raphe Cysts (Genitoperineal Raphe) 


Median raphe cysts are unusual lesions that result from 
anomalies in the development of the urethral groove (ectopia 
of urethral and periurethral mucosa).'*'? They occur in the 
midline and ventral aspect of the penis, most frequently near 
the glans or prepuce, although they may be found anywhere 
from the urethral meatus (Fig. 14-10C) to the anus. They 
appear as a solitary, usually asymptomatic papule or nod- 
ule. Histologically, the epithelial lining has been described 
as squamous, pseudostratified columnar, stratified columnar, 
mucus-producing, ciliated, and apocrine (Fig. 14-10D).'°° 


INFECTIONS | 


Balanitis is defined as inflammation of the glans penis, often 
involving the prepuce (balanoposthitis). 


Bacterial Infections 


Balanoposthitis is more frequently seen in uncircumcised 
men due to the greater propensity of pathogenetic bacteria to 
adhere to and colonize the mucosal surface of the foreskin." 
Several common Gram-positive bacteria may affect the gen- 
ital skin; however, they are rarely biopsied. Balanoposthitis 
caused by Gardnerella vaginalis** has rarely been 
reported. These infections usually are sexually transmitted. 
Histologically, a nonspecific inflammatory infiltrate is found. 
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Gonococcal infections are typically sexually transmitted, 
but they more frequently produce urethritis. Gonococcal 
infections have been reported to infect penile median 
raphe as well.” 

Cellulitis can result as a complication of localized 
infections especially in newborns and immunosuppressed 
patients. It is usually caused by group A streptococcus and 
less frequently by group B streptococcus and commonly 
involves the scrotum.” Cellulitis is characterized by marked 
dermal edema with perivascular and interstitial predomi- 
nantly neutrophilic infiltrate. This diagnosis needs confirma- 
tion by culture. 

Trichomycosis pubis is an often asymptomatic colo- 
nization of the hair by various corynebacteria (especially 
Corynebacterium tenuis). It is characterized by a yellow, red, 
or black coating around pubic and/or scrotal hairs that under 
the microscope correspond to aggregates of Gram-positive 
bacteria adhering to the hair shaft (Fig. 14-70A and B).’’”8 
This condition is discussed in more detail in the scrotal section. 

Fournier gangrene is a necrotizing fasciitis of the geni- 
talia, perianal, and perineal regions that when affecting the 
penis (and scrotal skin) usually involves the dartos and Buck 
fascia.” This condition particularly affects the scrotum and 
is discussed in more detail in the scrotal section. 

Gangrenous balanitis (Corbus disease) is a rapidly pro- 
gressing necrotizing infection, frequently caused by anaerobic 
organisms; it usually affects the glans penis, which sometimes 
may suffer complete necrosis.*' Necrotizing gangrene is an 
exceptional condition that may be seen in diabetic patients 
and associated with penile prosthesis. 

Ecthyma gangrenosum (Pseudomonal cellulitis) is usually 
a complication of pseudomonal sepsis, and it is character- 
ized by necrotizing bacterial vasculitis with thrombosis and 
secondary tissular necrosis and ulceration. Gram-negative 
bacteria can be found surrounding the blood vessels. This 
condition has been reported in drug abusers and neutropenic 
patients.”! 


Mycobacterial Infections 


Penile mycobacterial infections are exceptionally rare with 
Mycobacterium tuberculosis being the most frequent spe- 
cies. Tuberculosis of the penis can present as a primary 
focus, a direct spread from nearby areas, or by hematogenous 
spread in generalized tuberculosis. Histologic features do 
not differ from tuberculous granulomas of other sites. BCG 
balanitis as a complication of intravesical BCG immunother- 
apy is extremely rare. A case of penile infection caused by 
Mycobacterium celatum in a man with acquired immunode- 
ficiency syndrome has been reported.*4 


Syphilis 


This sexually transmitted disease caused by the Treponema 
pallidum can manifest by anogenital lesions during the 
primary, secondary, tertiary, and congenital stages of the 
infection.” The primary syphilis chancre occurs at the 
inoculation site 3 weeks after exposure to the spirochete; it 
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usually starts as a painless papule that enlarges and ulcerates 
centrally. This ulcerated lesion that has an indurated base is 
known as the hard chancre. Chancres are most often soli- 
tary and in the penis commonly affect the inner prepuce, 
coronal sulcus, penile shaft, and penile base.*! Secondary 
syphilis results from hematogenous dissemination of organ- 
isms. Condyloma lata, the characteristic anogenital lesions 
of secondary syphilis, are large verruciform papules, nod- 
ules, or plaques, which may become confluent.’ Gummas 
are characteristic of tertiary syphilis. Histologic hallmark 
of the lesions is obliterative endarteritis surrounded by a 
plasma cell—rich infiltrate (Fig. 14-11A and B). In primary 
syphilis the endarteritis can be found at the base of the ulcer. 
Secondary syphilis is usually associated with psoriasiform 
epidermal hyperplasia with a superficial lichenoid and deep 
perivascular plasma cell—rich infiltrate; the endarteritis can 
be superficial or deep.*°** Spongiform pustular lesions 
can also be seen. The causative agent can be identified in 
primary and secondary lesions using Steiner or Warthin- 
Starry stains (Fig. 14-11C). The presence of T. pallidum in 
the tissues can also be detected by immunohistochemistry 
and by PCR. Condyloma latum is usually characterized by 


eae is 
n LER a 
N REE Lg I 
ea tm co rah 
. Sy 


FEN ser 


Figure 14-11 Œ Primary syphilis. A: Histopathologic 
features seen at the peripheral border of the hard chancre. There 
is a superficial and deep plasma cell—rich inflammatory infiltrate. 
B: Higher-power view to illustrate the so-called obliterative endar- 
teritis that is characteristic of syphilis. C: Steiner stain highlights 
numerous slender spirochetes. 


prominent epidermal hyperplasia and numerous neutrophils 
in the epidermis and cornified layer.°°** When intraepider- 
mal/intracorneal neutrophils are prominent, spirochetes tend 
to be easily identified within the epidermis (Fig. 14-11C). 
Gummas of tertiary syphilis are necrotizing granulomatous 
lesions associated with obliterative endarteritis. Treponema 
organisms usually cannot be demonstrated in these lesions 
by special stains. Reactivation of syphilis in patients infected 
with human immunodeficiency virus (HIV) is becoming 
more frequent’? and the affected patients may present with 
an atypical course. 


Chancroid 


Chancroid or soft chancre is a sexually transmitted disease 
caused by a Gram-negative, facultative anaerobic bacterium, 
Haemophilus ducreyi?'“'" It is clinically characterized by 
a soft-based painful ulcer with yellow-gray base and sharp 
undermined border usually located in the coronal sulcus or 
glans. The ulcerated lesion can be small (dwarf chancroid) 
or rapidly enlarging and associated with ruptured inguinal 
abscess (giant chancroid). The combination of a painful 
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ulcer with tender adenopathy is suggestive of chancroid. 
Phagedenic chancroids are widely necrotic and destruc- 
tive lesions usually secondary to superimposed infection by 
Fusobacterium organisms. Histologically, the soft chancre 
is characterized by a zonation phenomenon. The upper layer 
shows necrosis, fibrin, and numerous neutrophils; the mid- 
dle layer shows abundant granulation tissue with prominent 
blood vessels, some with partial thrombosis; the deepest layer 
shows an intense plasma and lymphoid cell infiltrate.377°” 
Diagnosis is made isolating H. ducreyi on special culture 
media. 


Granuloma Inguinale (Donovanosis) 


Granuloma inguinale is a sexually transmitted disease 
caused by the Gram-negative bacillus Calymmatobacterium 
granulomatis.?'*’ The first clinical manifestation is a small, 
relatively painless nodule, occurring on the prepuce, glans, 
penile shaft, or scrotum that later ulcerates and may show 
large size. The ulcer has a red beefy base and hyperplastic 
borders. Histologically, the base of the ulcer shows exuber- 
ant granulation tissue with pseudoepitheliomatous hyperpla- 
sia at the borders (Fig. 14-12A). Numerous plasma cells and 
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neutrophils are seen in the granulation tissue (Fig. 14-12B). 
A characteristic feature is the presence of large mononuclear 
foamy histiocytes with intracytoplasmatic Donovan bodies 
representing the microorganisms (Fig. 14-12B). The organ- 
isms are difficult to see with hematoxylin and eosin stain and 
can be highlighted with Warthin-Starry and Giemsa stains as 
short bacilli, either singly or in clumps (Fig. 14-12C).37388 
Electron microscopy reveals that the bacteria reside in 
phagosomes. Long-standing cases may be associated 
with elephantiasis of the penis and scrotum. Subcutaneous 
satellite lesions (pseudobuboes) can be seen. Lymph node 
involvement is rare. 


Lymphogranuloma Venereum (Inguinale) 


Lymphogranuloma venereum is a sexually transmitted 
disease caused by an obligate intracellular bacterium, 
Chlamydia trachomatis.?'3"°* Clinically, a painless papule 
or ulcer appears at the site of inoculation and then rapidly 
disappears. Within 1 to 2 weeks after the appearance of the 
primary lesion, enlargement of the inguinal lymph nodes 
begins (bubo formation). Histologically, the primary penile 
lesion shows nonspecific changes consisting of ulceration 


Figure 14-12 E Granuloma inguinale. A: Ulcer with pseu- 
doepitheliomatous hyperplasia at the border and granulation 
tissue at its base. B: Base of the ulcer with numerous plasma cells 
and neutrophils. A characteristic feature is the presence of large 
mononuclear foamy histiocytes containing the microorganisms. 
C: Giemsa stain highlights the intracytoplasmatic microorgan- 
isms also known as Donovan bodies. 
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and a nonspecific granulation tissue with plasma cells and 
lymphocytes. Nonnecrotizing granulomas composed of 
epithelioid histiocytes and a few giant cells surrounded by 
plasma cells also can be seen.” The lymph nodes show 
focal aggregates of neutrophils in necrotic foci followed 
by follicular hyperplasia with massive plasma cell infiltra- 
tion. The small suppurative foci eventually coalesce to form 
the classical stellate abscesses with surrounding epithelioid 
cells and multinucleated giant cells.“ Sinuses and tracts can 
develop. Old lesions are characterized by extensively fibrotic 
lymph nodes. The microorganisms cannot be seen by ordi- 
nary histologic stains. The diagnosis can be confirmed by 
cultures. Serology may be useful.“ 


Viral Infections 


Human Papillomaviruses: Condyloma 
Acuminatum 


Human papillomaviruses (HPVs) are epitheliotropic DNA 
viruses that infect epithelial cells of the skin and anogeni- 
tal and oropharyngeal mucosa. More than 100 genotypes 
have been described, several of which cause specific types 
of cancers and benign warts. Genital wart (condyloma 


Figure 14-13 E Condyloma acuminatum. A: Branching, 
arborescent papillae and fairly regular pushing, rounded base. The 
papillae show a tree-like pattern with prominent central fibrovascular 
cores. B: Higher-power view of the papillae with prominent koilo- 
cytosis. C: Koilocytes have enlarged, wrinkled nuclei surrounded by 
a perinuclear halo. Binucleated and multinucleated forms and dys- 
keratotic cells may be seen. 


acuminatum) is one of the most common sexually transmitted 
diseases, affecting approximately 20 million people in the 
United States. HPV-6 and HPV-11, considered as low-risk 
types, are the ones most often associated with condyloma 
acuminatum.*” Condyloma acuminata tend to affect young 
adults and are often multiple. They may occur sporadically 
(usually associated with other genital infections) or in the set- 
ting of immunosuppression.*! They usually affect the glans, 
corona, frenulum, prepuce, and shaft and may extend into 
the meatus.”! They appear as soft, fleshy plaques with cob- 
blestone or filiform appearance. Microscopically, classical 
lesions of condylomata acuminata are exophytic, branching, 
arborescent proliferations with acanthosis, hyperparakerato- 
sis, and a fairly regular pushing, rounded base (Fig. 14-13A). 
The papillae frequently show a tree-like pattern with promi- 
nent central fibrovascular cores (Fig. 14-13A and B). The 
hallmark of the lesion is the presence of koilocytosis second- 
ary to cytopathic viral effect (Fig. 14-13C).37°* Koilocytes 
have enlarged, wrinkled nuclei surrounded by a perinuclear 
halo. Binucleated and multinucleated forms and dyskera- 
totic cells may be seen (Fig. 14-13C). These changes tend to 
be more prominent on the upper levels of the epithelium. The 
koilocytic changes are more difficult to detect in old lesions 
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Figure 14-14 Œ Old lesion of condyoma acuminatum mim- 
icking a seborrheic keratosis. The koilocytic changes are more dif- 
ficult to detect in such old lesions. 


that can look like fibroepithelial papillomas. Less frequently, 
condylomata may closely resemble seborrheic keratoses 
with basaloid cells, horn pseudocysts, and inconspicuous 
viral cytopathic changes (Fig. 14-14). Flat condylomata 
may also be seen (Fig. 14-15). Condyloma acuminatum is 
a benign lesion showing normal maturation with no atypias 
except for the koilocytosis that is usually restricted to the 
upper levels of the epithelium. Interestingly, it has been 
demonstrated that in genital locations lesions with features 
of fibroepithelial polyps and seborrheic keratosis without 
koilocytosis are often associated with HPV.°’>* Methods of 
virus identification include immunohistochemistry, in situ 
hybridization, and polymerase chain reaction.555659:60 

It is important to differentiate condylomata previously 
treated with podophyllin from carcinoma. Treated condy- 
lomata may display prominent degenerative changes such 
as pallor of the epithelium, nuclear enlargement, necrotic 
keratinocytes, and increase in the number of mitotic figures 
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Figure 14-15 @® Flat condyloma with classical koilocytic 
changes on the surface. 


Chapter 14 W Penis and Scrotum 865 
(metaphase arrest).°! These degenerative changes tend to 
be focal and atypical mitoses should not be seen. Clinical 
correlation is necessary to make the correct diagnosis. True 
koilocytes should also be distinguished from the normal 
glycogenated keratinocytes of mucosal epithelia. Normal 
glycogenated keratinocytes appear vacuolated; however, 
they don’t show enlarged nuclei with irregular contours and 
are not binucleated. 

Penile condylomata may reach large sizes (usually more 
than 8 cm), and after many years of neglect may become locally 
destructive (giant or atypical condyloma) or may harbor foci 
of evolving carcinoma.” Due to the frequent association with 
squamous cell carcinoma, giant condylomata are discussed in 
the sections on squamous neoplasia. High-risk types of HPV 
are discussed in the section on squamous cell carcinoma. 


Herpes 


Herpes infection is caused by a DNA virus, the herpes sim- 
plex virus (HSV). Sexually transmitted genital herpes is 
primarily caused by HSV-2.?!? Clinically, primary lesions 
present as multiple millimeter-sized fragile vesicles that rup- 
ture to form painful erosions and tend to be accompanied 
by lymphadenopathy. Recurrences tend to be less extensive. 
Penile lesions may affect the prepuce, shaft, and/or glans. 
Immunosuppressed patients may present with chronic her- 
petic ulcers. Histologically, lesions are characterized by 
intraepithelial vesicles containing prominent round acan- 
tholytic keratinocytes showing viral cytopathic changes. 
The latter consist of multinucleation, nuclear ground-glass 
appearance, and molding (Fig. 14-16A).°”°* Well-defined 
acidophilic inclusions can also be seen. The diagnosis can be 
made on Tzanck preparations. Herpes zoster can also affect 
the anogenital area and usually appears as grouped vesicles 
in a dermatomal distribution. Immunohistochemical analy- 
sis to identify HSV-1, HSV-2, and herpes zoster in paraffin- 
embedded sections is now available (Fig. 14-16B). 


Molluscum Contagiosum 


This cutaneous DNA pox virus infection can be sexually 
transmitted. Lesions involving the anogenital region may 
also be secondary to autoinoculation, especially in children. 
Clinically, the lesions present as clustered, 3- to 6-mm dome- 
shaped papules with central umbilication.”! Histologically, 
there are endophytic lobules of squamous epithelium sepa- 
rated by compressed dermis. Infected keratinocytes show 
the characteristic intracytoplasmic eosinophilic inclusions 
called Henderson bodies (Fig. 14-17).°”*8 These inclusions are 
usually identified in the stratum spinosum and granulosum. 


Penile Lesion in AIDS 


HIV is a retrovirus of which two types, | and 2, are recog- 
nized. HIV-1 is the causative agent of AIDS in the United 
States and Europe. Immunodeficiency in AIDS is secondary 
to the depletion of T-helper cells as a result of HIV replication 
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Figure 14-16 W Herpes simplex viral infection. A: Classical appearance of the viral cytopathic changes. The infected keratino- 
cytes show multinucleation, nuclear ground-glass appearance, and molding. Well-defined acidophilic inclusions can also be seen. B: 
Immunohistochemistry for HSV-2 is positive in the infected keratinocytes. 


selectively within those cells.?!3738 The result of T helper 
cell depletion is a severe defect in cell-mediated immunity 
making the affected individuals particularly susceptible to 
infections. AIDS patients are often concomitantly infected 
with several different types of microorganisms. Skin dis- 
eases (including genital lesions) are common manifestations 
of HIV infection and they can be classified as noninfective 
dermatosis, infective disorders, and neoplasms.***°’ These 
conditions are discussed in other parts of this chapter; how- 
ever, they can be more frequent or severe in patients with 
AIDS. Immunosuppression often results in an atypical pre- 
sentation, increased severity, and aggressive course of a der- 
matosis. Such lesions may also fail to respond to standard 
treatment regimens. A high index of suspicion is important 
to make the diagnosis. 


Figure 14-17 Œ Molluscum contagiosum. There are endo- 
phytic lobules of squamous epithelium separated by compressed 
dermis. Infected keratinocytes show the characteristic intracyto- 
plasmic Henderson bodies. 


Noninfective dermatosis includes seborrheic dermatitis- 
like eruption, psoriasis, genital (aphthous ulcers), atopic der- 
matitis, and drug reactions. These conditions tend to be more 
widespread and severe in patients with AIDS. Histologically, 
the findings are similar (although they may be more florid) 
to those seen in patients without AIDS. A common finding 
in patients with AIDS is the presence of numerous plasma 
cells in the infiltrate. 

Infective dermatosis includes a variety of bacterial, viral, 
and fungal disorders. Particularly common in AIDS patients 
are HPV-related lesions such as verruca vulgaris and condy- 
loma accuminata that may be widespread and often associated 
with preneoplastic and neoplastic HPV-related tumors. Other 
common genital infections in AIDS patients include herpes 
viral infection (herpes simplex and herpes zoster), molluscum 
contagiosum, syphilis, Candida, and tinea cruris. Infestations 
such as scabies can be seen and often present as the Norwegian 
variant. Scraping of the lesions will show numerous mites. 

Neoplastic conditions are also increased in AIDS patients. 
The most common tumors in such population include Kaposi 
sarcoma and HPV-related squamous cell carcinomas.°*’ 
Precursor lesions of squamous cell carcinoma (such as 
bowenoid papulosis and penile intraepithelial neoplasia 
[PeIN]) are also more frequently encountered. 


Fungal Infections 
Superficial Fungal Infections 


Dermatophytosis 

Dermatophytosis (tinea) is a superficial fungal infection 
caused by Trichophyton, Epidermophyton, and Microsporum 
species. Trichophyton rubrum and Trichophyton mentag- 
rophytes are the most common agents.”!”? The fungus may 
infect the penis through local spread from more commonly 
affected areas such as the groin (tinea cruris). Patients may 
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Numerous pseudohyphae and yeast-like forms are seen even on hematoxylin and eosin stain. 


also transfer the fungus from the feet or other areas by hand. 
Clinically, the lesion presents as an erythematous, often 
annular plaque with scaling. Histologically, the fungus may 
be difficult to identify on H&E-stained sections. Superficial 
fungal infections should be especially suspected when neu- 
trophils are present in the squamous epithelium and keratin 
(often parakeratotic) layer. Special stains such as diastase— 
PAS and silver stains will highlight the presence of septate 
hyphae, frequently admixed with globose hyphal segments 
and chains of arthroconidia within the stratum corneum.?*378 


Pytiriasis Versicolor (Tinea Versicolor) 

This condition caused by the fungus Malassezia globosa 
may affect the penile shaft as hypo- or hyperpigmented 
macules.?!223738 Unlike dermatophytes, the causative agent 
of pityriasis versicolor is usually easily identified on H&E- 
stained sections as thin and basophilic septate hyphae and 
round yeasts (spaghetti and meatballs appearance). The fun- 
gus will also stain with PAS and silver stains. There is usually 
only a very mild inflammatory response within the dermis. 


Candidiasis 

Candidal balanoposthitis is the most common fungal infection 
of the penis. It is usually associated with a predisposing fac- 
tor such as immunosuppression or diabetes mellitus. It may 
be sexually transmitted; however, approximately 15% to 20% 
of men may be asymptomatic carriers and this could explain 
some recurrent lesions. Primary lesions are characterized by 
papules and pustules that expand to form erosive plaques with 
small satellite pustules. Histologically, within the cornified 
layer and extending to the upper levels of the epithelium, there 
are long pseudohyphae and budding yeasts that stain with dia- 
stase—PAS and silver stains (Fig. 14-18A and B).?!223738 


Deep Mycotic Infections 


Deep fungal infections of the penis such as cryptococco- 
sis and histoplasmosis have been described, but they are 


extremely rare. They usually represent hematogenous spread 
from other primary sites.°- 


Parasitic Infections 


Several parasitic infestations including cutaneous larva 
migrans, schistosomiasis, amebiasis, and trichomoniasis 
have been described in the penis but are rare.*”” The most 
common is scabies. This itchy infection is caused by the mite 
Sarcoptes scabiei, hominis variety, an obligate human para- 
site.?!3738 The penis is commonly affected in the setting of 
a generalized infestation. The hallmark lesion is the burrow, 
which presents as a short, waxy, dark line. The lesions tend 
to be secondarily excoriated, eczematized, and impetiginized. 
Definitive diagnosis rests on microscopic identification of the 
mites, eggs, or pellets (scyballa). This is usually done by direct 
examination following scraping of the lesions or in shave or 
punch biopsies. On direct exam the mite measures about 
400 um in length and has a round to oval body (Fig. 14-19). On 


Figure 14-19 W Scabies. Direct examination following 
scraping of the lesions reveals the mite S. scabiei, which is round to 
oval and has four pairs of limbs. 
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histologic examination, there is usually a dermal lymphoid 
infiltrate with variable numbers of eosinophils. Several serial 
sections may need to be examined before identifying the bur- 
row (which is almost entirely located within the cornified 
layer) and its contents (e.g., mite, eggs or fecal deposits). 


NONINFECTIOUS INFLAMMATORY CONDITIONS 9 


A variety of noninfectious dermatoses can preferentially or 
incidentally involve the penis and, especially in the latter 
case, can be problematic to diagnose.?!?3738 Examination of 
concomitant lesions from other sites (e.g., nongenital skin, 
oral mucosa, nails) can help to make the correct diagnosis. 
Dermatoses with a preferential and often exclusive genital 
location will be discussed below. Dermatoses that only inci- 
dentally affect the penis are too numerous; therefore, only 
the most frequent entities will be discussed. 


Eczematous Dermatitis 


Seborrheic dermatitis is the commonest form of eczema 
affecting this area and may be especially exuberant in 
patients with AIDS.?!*2°+4* Other eczematous processes 
such as irritant contact dermatitis, allergic contact derma- 
titis, nummular dermatitis, and atopic dermatitis may all 
affect the penis. Allergic contact dermatitis may result from 
latex, lubricants, deodorant spray, and spermicides. More 
often, contact dermatitis is an irritant, resulting from per- 
sistent moisture and maceration. Clinically, the lesions may 
be prominent and atypical due to the highly vascularized 
and usually occluded nature of this area. Histologically, 
eczematous dermatitides are characterized by variable 
degree of epithelial hyperplasia, spongiosis, parakerato- 
sis, and a superficial predominantly lymphoid infiltrate.*”°* 
Eosinophils may be numerous, especially in allergic contact 
dermatitis (Fig. 14-20). Seborrheic dermatitis, irritant con- 
tact dermatitis, and in general any of these dermatitides may 


Wher > ~~ 2 add ton SF. ise So > 
Figure 14-20 E Allergic contact dermatitis. Acanthosis, 
parakeratosis, spondylosis with intraepidermal vesicles, and a 


superficial lymphoid infiltrate with eosinophils. 


be associated with neutrophils in the cornified layer and this 
is sometimes related to secondary impetiginization. In cases 
where aggregates of neutrophils are seen in the parakeratotic 
layer, one should consider the possibility of psoriasis and 
superficial fungal infection. A diastase—PAS stain is neces- 
sary to rule out the latter possibility. 


Lichen Simplex Chronicus and Prurigo Nodularis 


Lichen simplex chronicus (also known as circumscribed 
neurodermatitis) is characterized by the development of 
localized thickened scaly patches or plaques secondary to 
persistent scratching in patients who usually do not have an 
underlying dermatologic condition.?!** Patients with atopic 
dermatitis and other eczematous processes may develop 
lesions of lichen simplex chronicus. 

Lichen simplex chronicus preferentially affects the scro- 
tum but the penis may also be involved. Histologically, there 
is epidermal hyperplasia with elongated rete ridges, ortho- 
hyperkeratosis often with patchy parakeratosis, a prominent 
granular layer, and variable but usually mild spongiosis.*” 
There is also papillary dermal fibrosis associated with a 
mild predominantly lymphoid infiltrate (Fig. 14-71). In 
some cases, nerve hyperplasia may be seen. The differential 
diagnosis includes psoriasis. Distinguishing features include 
irregularly thickened and long rete ridges associated with 
prominent granular layer and orthokeratosis in lichen sim- 
plex chronicus compared with the more uniform rete ridges 
and parakeratosis with diminished to absent granular layer 
in psoriasis. The characteristically fibrotic papillary dermis 
of lichen simplex chronicus is not a feature seen in psoriasis 
where usually there is a more edematous papillary dermis 
with prominent blood vessels. 

Prurigo nodularis is characterized by intensely pruritic, 
chronic, lichenified nodules that are often excoriated. It shows 
a significant overlap and may be associated with lichen simplex 
chronicus. The histologic findings are similar to those seen in 
lichen simplex chronicus but usually the lesions are better cir- 
cumscribed and the epidermal hyperplasia more prominent. 

Prurigo nodule (Picker nodule) represents a solitary vari- 
ant of prurigo nodularis. 


Psoriasis 


Psoriasis is a chronic relapsing and remitting common skin 
condition that may affect any site. It is one of the com- 
monest of all skin diseases affecting approximately 2% of 
the US population.: The classical cutaneous lesions are 
described as raised, sharply demarcated plaques with scaly 
surface. The clinical features, however, show regional varia- 
tion. Lesions located on the penis may not show the clas- 
sical features, and scaling may be minimal and moist and 
erosion-prominent.”' The clinical features may be mistaken 
by an eczematous process or even a preneoplastic condition 
(PeIN). Classical histopathologic features of well-established 
lesions of psoriasis include acanthosis showing evenly elon- 
gated rete ridges with club-shaped bases and characteristic 
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ridges with club-shaped bases. Prominent blood vessels are seen 
within an edematous papillary dermis. There is confluent parakera- 
tosis containing aggregates of neutrophils. 
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thinning of the suprapapillary plates. The papillary dermis 
appears edematous with prominent blood vessels.*’** There 
is confluent parakeratosis containing neutrophilic aggregates 
and diminution to loss of granular layer (Fig. 14-21). Lesions 
in the genital location, however, may show more prominent 
spongiosis and even erosion. Therefore, often, the histo- 
logic features are not typical and the diagnosis is supported 
by the presence of classical psoriasis at other sites (scalp, 
nails, extensor surface, etc.). When dealing with a psoriasi- 
form dermatitis containing neutrophils in the parakeratotic 
layer, a PAS stain to rule out superficial fungal infection is 
mandatory. 


Reiter Syndrome 


Reiter syndrome represents a triad of polyarthritis, urethritis, 
and nongonococcal conjunctivitis most commonly affecting 
males between 20 and 30 years of age.*”**” The pathogenesis 
is poorly understood but it appears that the condition devel- 
ops in predisposed individuals usually following enteric or 
urogenital infections. Cutaneous and mucosal manifesta- 
tions of the disease may be seen including a form of cir- 
cinate balanitis presenting as a moist erosion affecting the 
glans and urethral meatus. Histologically, the lesions show 
a psoriasiform morphology with uniform elongation of rete 
ridges, parakeratosis, and edematous papillary dermis with 
prominent blood vessels. Neutrophils are numerous in the 
parakeratotic layer as well as in the epidermis, similar to 
what is seen in the pustular variant of psoriasis. A PAS stain 
should always be performed to rule out a fungal infection. 


Lichen Planus 


Lichen planus is acommon, usually pruritic, and symmetrical 
papulosquamous dermatosis that affects the genital area in 
up to 40% of the patients with generalized lesions.” Cases 
predominantly affecting the mucosal surface need to be dis- 
tinguished from mucous membrane pemphigoid. The rare 
cases showing an exclusive genital or mucosal location may 


869 


Chapter 14 li Penis and Scrotum 


Figure 14-22 E Lichen planus showing an acanthotic epithe- 
lium with saw-toothed appearance associated with a dense, band- 
like lymphohistiocytic infiltrate obscuring the dermal—epidermal 
junction where there are numerous cytoid (Civatte) bodies. Because 
this lesion was located on the cutaneous surface, there is hyperor- 
thokeratosis and typically wedge-shaped hypergranulosis. Note the 
subepidermal cleft formation. 


be difficult to diagnose. The classical lesions are violaceous, 
flat-topped shiny papules sometimes showing delicate white 
lines on the surface, namely, Wickham striae. Penile lesions 
tend to be associated with erosions. Histologically, lichen 
planus is characterized by a thickened or effaced epider- 
mis often showing a saw-toothed appearance associated 
with a dense, band-like lymphohistiocytic infiltrate obscur- 
ing the dermal—epidermal junction where there is basal cell 
liquefactive degeneration and a variable number of cytoid 
(Civatte) bodies. When the lesions are located on the cuta- 
neous surface, there is hyperorthokeratosis and typically 
wedge-shaped hypergranulosis (Fig. 14-22). Mucosal lesions 
tend to be associated with patchy hypergranulosis, parakera- 
tosis, and a plasma cell-rich inflammatory infiltrate. Old 
lesions of lichen planus with only subtle interface changes 
and numerous plasma cells may be misdiagnosed as Zoon 
balanitis. Eosinophils are not a feature of lichen planus and 
when numerous, one should think of a lichenoid drug reac- 
tion. The features of lichen planus may overlap with lichen 
sclerosus and in some patients the two disorders may coexist. 

Direct immunofluorescence studies in lichen planus may 
show fibrinogen and IgM along the basement membrane 
zone. Civatte bodies may also be highlighted, especially with 
IgM. Immunofluorescence helps to distinguish lichen planus 
from cicatricial pemphigoid. 

Long-standing anogenital lichen planus appears to carry 
a small increased risk of squamous cell carcinoma.” 


Lichen Sclerosus (Et atrophicus) (Balanitis 
Xerotica Obliterans) 


Lichen sclerosus is a chronic and atrophic mucocutaneous 
condition preferentially affecting anogenital areas of men and 
women. Extragenital location is less common. This condition 
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was described in the penis as balanitis xerotica obliterans by 
Stuhmer in 1928; however, because some authors prefer to use 
the term balanitis xerotica obliterans for the end-stage condi- 
tion and to unify gynecologic and urologic terminology, the 
use of lichen sclerosus is recommended.”*” Penile lichen scle- 
rosus tends to affect middle-aged adults. Grossly, the lesions 
appear as white gray, irregular geographic and atrophic areas 
most commonly compromising the inner aspect of the fore- 
skin, glans, and perimeatal region. Erosion, ulceration, and 
elevated hyperkeratotic foci may also be seen. In advanced 
cases, the preputial mucosal folds may disappear resulting 
in acquired phimosis or paraphimosis.*! Histologically, the 
lesions are characterized by an atrophic epithelium frequently 
intermixed with hyperplastic areas, vacuolar alteration of the 
basal layer, and a thickened lamina propria with the classical 
hyalinization/sclerosis (Fig. 14-23A).3738 A variable amount 
of band-like lymphoid infiltrate is usually seen underneath 
the area of hyalinization. Because of marked basal cell vacu- 
olar alteration, some cases may show dermal—epidermal 
clefting. Marked edema of the lamina propria may precede 
or coexist with the classical sclerotic changes.’ Lichen 
sclerosus is a superficial mucosal disorder preferentially 
affecting the epithelium and lamina propria and typically 
sparing the preputial dartos and corpus spongiosum of the 
glans. The lesions, however, tend to be broad and multifocal 
and may affect more than one epithelial compartment, and 
even extend to the epithelium and lamina propria of the distal 
urethra.” While extragenital lichen sclerosus appears to carry 
no risk for malignant transformation, the relationship of 
anogenital lichen sclerosus and squamous cell carcinoma is 
well-documented.’*** In a prospective study, the incidence 
of carcinoma arising in the setting of long-standing lichen 
sclerosus of the penis was 9.3%.***! In a retrospective review 
of 200 penectomy specimens with penile invasive carcinoma, 
33% of the cases were associated with lichen sclerosus” and 


this figure was much higher (69%) when considering car- 
cinomas affecting the foreskin exclusively. When present 
adjacent to invasive carcinomas, lichen sclerosus is almost 
always associated with areas of epithelial hyperplasia and 
frequently shows squamous cell atypias (Fig. 14-23B).’° A 
significant association of lichen sclerosus with special (usu- 
ally HPV-unrelated) variants of carcinoma such as usual, 
pseudohyperplastic, verrucous, and papillary carcinoma has 
been demonstrated. There is also a distinct association of 
lichen sclerosus with differentiated (simplex) PeIN.® These 
findings suggest that lichen sclerosus may represent a precan- 
cerous condition for a subset of penile squamous cell carci- 
noma, especially the HPV-unrelated variants. 


Balanitis Circumscripta Plasmacellularis (Zoon 
Balanitis) 


This is an inflammatory condition of unknown etiology pref- 
erentially occurring in uncircumcised men.?'***** The clas- 
sical clinical presentation is that of a solitary, reddish plaque 
with speckled and hemorrhagic surface usually affecting 
the glans. The clinical appearance usually raises the con- 
cern of a carcinoma in situ. Histologically, there is a thinned 
epidermis with no granular layer and a very thin to absent 
parakeratotic layer. There is some epidermal spongiosis and 
the keratinocytes are sometimes described as lozenge or dia- 
mond shaped.*! The classical (although nonspecific) feature 
that gave name to this entity is the presence of a dense, band- 
like, plasma cell-rich dermal inflammatory infiltrate, usually 
associated with lymphocytes, extravasated erythrocytes, and 
siderophages. The blood vessels are prominent. The papillary 
dermal edema usually seen in early stage is replaced by fibro- 
sis in long-standing lesions. The diagnosis of Zoon balanitis 
is largely one of exclusion. One must consider other spe- 
cific entities such as lichen planus, syphilis, and pemphigoid 


Figure 14-23 E A: Lichen sclerosus. Histologically, the lesion is characterized by an atrophic epithelium with vacuolar alteration 
of the basal layer and a thickened lamina propria with the classical hyalinization/sclerosis. B: Lichen sclerosus with epithelial hyperplasia 
showing keratinocytic atypia. Such changes are frequently found adjacent to invasive carcinomas. 
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before making this diagnosis. Based on the nonspecific 
findings in Zoon balanitis and the similarities with other 
plasma cell-rich dermatitis and mucositis, the more generic 
term idiopathic lymphoplasmacellular mucositis-dermatitis 
was suggested by some authors to encompass etiologically 
uncertain lymphoplasmacellular infiltrates in the skin and 
mucosal surfaces.*° 


Fixed Drug Reaction 


Fixed drug eruptions present as a one or more circumscribed 
erythematous to violaceous or brown plaques that show 
predilection for the extremities and external genitalia.7!** 
Vesiculation and blister formation are common. Resolution 
is characterized by postinflammatory hyperpigmentation. 
The lesions classically recur at the same site each time 
that the patient is exposed to the same drug. The most 
common penile locations include the glans and distal shaft.”! 
Histopathologically, there is an interface dermatitis with 
prominent vacuolar degeneration of the basal layer, lympho- 
cyte tagging of basal keratinocytes, and scattered apoptotic 
keratinocytes.*’** These epidermal changes are associated 
with a superficial and midperivascular and interstitial mixed 
cell dermal infiltrate with lymphoid cells, eosinophils, and 
melanophages (Fig. 14-24). Old lesions may only show 
pigment incontinence. Fixed drug reactions can be distin- 
guished from erythema multiforme by the deeper dermal 
infiltrate and presence of eosinophils. 


Aphthous Ulcer and Behçet Disease 


Aphthous ulcers may involve the scrotum and penis and they 
may or may not be associated with Behçet disease. Lesions 
are usually painful, solitary, and sharply marginated with 
necrotic gray fibrinoid base.?! Histologically, the changes 
are nonspecific and similar to those seen in oral aphthous 
lesions. At the center of the ulcer, there is necrosis with 
a dense neutrophilic infiltrate. At the periphery, there is a 
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predominantly lymphoid infiltrate with exocytosis. Aphthous 
ulcer is a diagnosis of exclusion and should only be made 
after other causes (especially infection) have been ruled out. 
When chronic aphthous ulcers occur, the diagnosis of Behçet 
syndrome should be considered. Behçet disease is a poorly 
understand, chronic condition likely due to disturbances in 
the immune system. The presence of oral (apthtous) ulcers, 
along with any two out of the four additional signs: genital 
ulcers, skin lesions (e.g., pustules, erythema nodosum), eye 
lesions (e.g., iritis, uveitis) and pathergy reaction is neces- 
sary for the diagnosis.’ 


Bullous Pemphigoid 


It is the most frequent autoimmune blistering disorder and 
usually affects the elderly.”!*’ There are several variants that 
can variably affect the skin and mucosal surface. The char- 
acteristic lesion is a tense blister with an erythematous bor- 
der. Approximately 7% of the patients have genital lesions. 
Histologically, well-established lesions show a subepithelial 
blister associated with edema of the underlying dermis or 
lamina propria and a mixed cell infiltrate containing numer- 
ous eosinophils. Direct immunofluorescence shows linear 
deposition of IgG and C3 at the basement zone. Two main 
bullous pemphigoid antigens are recognized: one is the intra- 
cellular protein 230 kD (BPAG1) and the other is the trans- 
membrane protein 180 kD (BPSG2); both of them are located 
in the hemidesmosomal area of the basal keratinocyte.** 


Cicatricial Pemphigoid (Mucous Membrane 
Pemphigoid) 


Cicatricial pemphigoid is an autoimmune bullous disease 
that has a predilection for mucous membranes and often 
results in scarring. Oral and ocular lesions predominate; 
however, the genital area may also be involved. In males, 
genital lesions usually affect the foreskin and glans.” Long- 
standing lesions may lead to urethral stricture formation and 


Figure 14-24 E A,B: Amyloidosis. There are nodular amorphous aggregates of eosinophilic material in the lamina propria. 
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phimosis.***’ Histologically, there is a subepithelial blister 
associated with a mixed inflammatory infiltrate containing 
lymphoid cells, eosinophils, neutrophils, and plasma cells. 
The lamina propria may be edematous or fibrotic. Apart 
from scarring fibrosis in old lesions, these changes are 
identical to those seen in bullous pemphigoid. The mucosal 
lesions are often eroded and ulcerated showing fibrosing— 
granulation tissue with no specific acute and chronic inflam- 
mation. Direct immunofluorescence findings on perilesional 
mucosa (the site of choice) are similar to those seen in bul- 
lous pemphigoid. 


Pemphigus 


Pemphigus refers to a group of chronic blistering conditions 
that develop as a consequence of autoantibodies against a 
variety of desmosomal proteins.7!3’ Several variants exist, 
including pemphigus vulgaris, vegetans, erythemato- 
sus, and foliaceous. Penile involvement is rare but may be 
observed.***? The hallmark of pemphigus is the presence 
of acantholysis, which is located at different levels of the 
epidermis in the different variants. Pemphigus vulgaris, the 
most common variant, is characterized by suprabasilar acan- 
tholysis with intraepidermal blister formation. In pemphigus 
vegetans, there is also suprabasilar acantholysis but this is 
more subtle and associated with a hyperplastic epidermis 
with scattered neutrophilic and eosinophilic abscesses.** 
Pemphigus foliaceous and erythematosus are characterized 
by superficial acantholysis involving the upper levels of the 
epidermis. Direct immunofluorescence shows intercellular 
deposition of IgG and often C3. 

Paraneoplastic pemphigus is a distinct variant of pemphi- 
gus that may be associated with a variety of malignancies. 
The penis may rarely be affected.**”° The pathologic features 
are variable and often consist of a combination of suprabasal 
acantholysis and interface changes.” Direct immunofluores- 
cence may be negative in a fourth of the cases. 


Acantholytic Dermatosis of the Genitocrural Area 


This condition appears to represent a distinct acantholytic 
eruption of the genital/perineal area that should be distin- 
guished from other generalized blistering acantholytic and 
dyskeratotic disorders that may also involve the genitalia. 
Originally reported as a localized form of acantholysis and 
dyskeratosis affecting the vulvocrural region in females, 
this rare condition was more recently described confined to 
the genital and perineal areas in male patients.**”! The etio- 
pathogenesis is unknown and perhaps somehow related to 
the moist environment of this area. Clinically, the lesions 
are characterized by multiple discrete papules or macer- 
ated patches involving the penis, scrotum, inner thighs, and 
perineum. Histologically, the acantholytic dermatosis had 
features resembling both Hailey-Hailey disease and Darier 
disease. The lesions show hyperkeratosis, parakeratosis, 
acanthosis, and acantholysis sometimes associated with dys- 
keratosis. Warty dyskeratoma-—like features and follicular 


involvement may also be seen. Typically, inflammation is 
minimal or absent. 


MISCELLANEOUS CONDITIONS | 


Amyloidosis 


Penile amyloidosis is a rare disease that has been occasion- 
ally reported.” It usually affects middle-aged men and 
presents as nodules or papules most commonly involving 
the glans. Coronal and shaft lesions may occur. Because of 
the nodular presentation, they may raise the clinical concern 
of a tumor. Penile amyloidosis is a localized disorder with 
excellent prognosis. It is usually limited to the skin/mucosa 
with rare systemic involvement. Histopathologically, nodu- 
lar amorphous aggregates of eosinophilic material are iden- 
tified in the dermis or lamina propria (Fig. 14-25). These 
deposits are positive with Congo red, crystal violet, and 
thioflavin T stain. Penile amyloidosis involving the skin or 
mucosa should be distinguished from urethral amyloidosis. 
Patients with urethral amyloid deposition most frequently 
present with hematuria, and the lesions are identified 
endoscopically. 


Tancho Nodules and Paraffinomas 


Tancho nodules refer to an unusual custom among some 
Asian populations to implant foreign material under the skin 
of the penis to improve sexual pleasure.” Paraffinomas (also 
known as sclerosing lipogranulomas) result from the injec- 
tion of mineral oil in the penis usually done with the purpose 
of penile enlargement. Histologically, these materials may 
cause foreign body reaction that may need surgical resec- 
tion. Such foreign substances that are injected or inserted 
into the penis include paraffin, silicone, or wax. A charac- 
teristic foreign body reaction called paraffinoma similar to 


Figure 14-25 E Fixed drug reaction. There is an interface 
dermatitis with necrotic keratinocytes and a dermal mixed cell der- 
mal infiltrate with lymphoid cells, eosinophils, and melanophages. 
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the one seen in the scrotum is produced (Fig. 14-74).” This 
reaction may occur several years after the injection.” 


Peyronie Disease 


Peyronie disease is a relatively common condition (recent 
studies suggest that it may occur in up to 9% of the male 
population) that affects men in the third to seventh decade. 
It is characterized by dense fibrosis with formation of a 
plaque-like lesion affecting the tunica albuginea and penile 
fascia and sometimes extending to the dermis. This fibrotic 
plaque causes an abnormal penile curvature and very often 
pain and erectile dysfunction. In some cases, there are sev- 
eral firm nodules over the middorsal line. The histologic 
appearance varies with the duration of the disease. Early 
lesions are characterized by a loose proliferation of plum 
fibroblasts/myofibroblasta admixed with some inflamma- 
tory cells (similar to an early scar). Older lesions are more 
fibrotic and less cellular. Finally, large hypocellular nodules 
of hyalinized fibrotic tissue are the prominent finding. The 
changes in Peyronie disease recapitulate the sequence of 
events that characterize the development of tissue fibrosis in 
general. These are essentially an initial tissue insult (trauma, 
microtrauma, or local toxicity), followed by acute and then 
chronic inflammation that leads to deposition of excessive 
collagen and other extracellular matrix, fragmentation of 
elastin, and persistence of myofibroblasts. Fibrosis may then 
progress to partial ectopic calcification or ossification.” An 
important experimental finding is increased levels of trans- 
forming growth factor B1 (TGFBI), in the fibrotic plaques. 
Injury to the erect penis is thought to trigger the disease by 
inducing extravasation of fibrin and subsequent synthesis 
of TGFBI. Some studies demonstrate a role for oxidative 
stress and cytokine release primarily TGF£/ in the develop- 
ment of the fibrotic plaques.”*”” There is evidence indicat- 
ing that these profibrotic factors interact with antifibrotic 
defense mechanisms, such as decrease of myofibroblast 
accumulation and elimination of reactive oxygen species by 
inducible nitric oxide synthase and neutralization of TGFB/ 
by decorin, suggesting that some plaques are in dynamic 
turnover. Treatment is mainly surgical, as pharmacologic 
therapy has limited efficacy.”*” The development of animal 
and cell culture models has advanced the understanding of 
this disease and uncovered several promising molecular tar- 
gets for antifibrotic treatments. 


Sclerosing Lymphangitis of the Penis 


This unusual and usually self-limited condition preferen- 
tially affecting young adults is characterized by firm subcu- 
taneous cord-like structures located along the dorsal shaft of 
the penis or around the coronal sulcus.'°'®' The pathogene- 
sis is poorly understood but it may be associated with trauma 
and vigorous sexual activity. Concurrent infections includ- 
ing herpes simplex infection have been described, but most 
likely they are not the cause of the disease. Because of the 
difficulty in distinguishing between large lymphatic vessels 
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and veins in this location there is controversy as to whether 
this condition preferentially affects large lymphatic vessels 
or veins and perhaps either could be affected in different 
patients. This condition may show overlapping features with 
Mondor phlebitis. Histologically, one or more vessels of the 
superficial plexus show thickening of the wall, sometimes 
associated with thrombosis and various stages of recanaliza- 
tion. Inflammation is not prominent. 


Vascular Disorders 


Penile involvement by vascular disorders is rare. A few case 
reports of polyarteritis nodosa involving the penis can be 
found in the literature. Wegener granulomatosis affect- 
ing the penis has also been reported. Most reported patients 
developed penile lesions in the clinical context of upper 
respiratory tract, pulmonary, and/or renal involvement by 
the disorder.!° 


Crohn Disease 


Anogenital lesions occur in about 30% of the patients with 
intestinal Crohn disease, either by direct extension of active 
intestinal disease or as noncontiguous lesions, or so-called 
metastatic disease. Skin involvement is more common in 
patients with colonic disorder. Importantly, skin lesions may 
be the first manifestation of the disease. Genital lesions in 
patients with Crohn disease include edema, ulcers, abscesses, 
sinus, and fistulas.*”7*!%!° Histopathologically, the findings 
are nonspecific and vary from edema and lymphangietasis 
to noncaseating granulomas that may have a perivascular 
distribution. Clinical correlation is important to confirm the 
diagnosis. 


Papillomatosis of Glans Corona (Penile Pearly 
Papules) 


This is an HPV-unrelated, asymptomatic, and benign condi- 
tion occurring in 20% to 30% of normal men characterized 
by multiple pearly gray-white fibroepithelial papules located 
in the dorsal aspect of the glans corona.' These minute 
papillomas are characteristically arranged in two to three 
rows. Each lesion is dome shaped or filiform and arises on 
a solitary base. Histologically, there is a normal or slightly 
thickened squamous epithelium overlying a central fibrovas- 
cular core (Fig. 14-26). 


Penile Cutaneous Horn (Cornu Cutaneoum) 


This is a clinical term based on the appearance of the 
lesion that presents as a keratotic protuberance mimicking 
a horn. Nonneoplastic and neoplastic conditions may pres- 
ent clinically as a cutaneous horn. The diagnosis rests upon 
histiologic examination of the viable epithelium underneath 
the thick cornified layer. Cutaneous horns may correspond 
to viral warts, seborrheic keratosis, or squamous cell carci- 
noma among other possibilities.37°*!” 
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Figure 14-26 WE Penile pearly papules. There is a small 
fibroepithelial polyp characterized by slightly thickened squamous 
epithelium overlying a central fibrovascular core. 


Verruciform Xanthoma 


The vast majority of these lesions affect the oral cavity 
(70%) followed by the anogenital region.?!3*! Verruciform 
xanthoma usually affects adults and presents as a yellowish 
to red plaque. Most patients do not have associated lipid dis- 
orders. Histologically, most lesions shows acanthosis, papil- 
lomatosis, and a thick parakeratotic layer exhibiting a bright 
orange hue. Within the connective tissue core of the papillae 
and between rete ridges, there are numerous large, foamy, 
lipid-laden macrophages (Fig. 14-76). Multinucleated cells 
are usually not seen. Lymphocytes and neutrophils may be 
present. These lesions are nonrelated to HPV and should be 
differentiated from condylomata. 


Phimosis 


This is a condition in which the prepuce cannot be retracted, 
usually as a consequence of nonspecific chronic bacterial 
infections, lichen sclerosus, or congenitally abnormally 
long foreskin.?!!°!° Phimosis may also be seen second- 
ary to graft versus host disease. The accumulation of 
smegma induces a diffuse inflammation of all mucosal 
epithelial compartments of the glans and foreskin. The 
treatment of choice is the surgical removal of the fore- 
skin. Histologically, there is usually fibrosis of the lamina 
propria associated with a nonspecific lymphoid and plas- 
macytic infiltrate.'!° It is important for the surgical pathol- 
ogist to liberally sample phimotic foreskin specimens from 
adults to rule out dysplasia, carcinoma in situ, or occult 
early invasive carcinoma. Special attention is advised to 
hyperkeratotic, thick, and slightly elevated or irregular foci. 
Penile cancer has been reported to occur more frequently 
in patients with long phimotic foreskins (Fig. 14-27).’ In 
paraphimosis, the prepuce cannot be advanced over the 
glans and becomes trapped in the space located between 
the coronal sulcus and the glans corona. Unusual cases of 


Figure 14-27 E Phimosis and cancer. Cut section of a partial 
penectomy specimen with a long phimotic foreskin and glans carci- 
noma. Fk, foreskin; T, tumor; Gl, glans; U, urethra; TA, albuginea; 
CC, corpus cavernosum. 


penile infarct secondary to arterial obstruction resulting 
from edema have been described. 


Squamous Hyperplasia 


Squamous hyperplasia is characterized by an acanthotic thick- 
ening of the squamous epithelium without atypia*!!!!'!" that 
may involve any of the penile anatomical compartments. It 
represents a reaction pattern more than a specific entity and 
it may be seen associated to a rather broad spectrum of condi- 
tions from inflammatory dermatitis (i.e., lichen sclerosus) to 
squamous cell carcinoma. Squamous hyperplasia is usually 
seen in the epithelium adjacent to special subtypes of carci- 
nomas, particularly usual (keratinizing), verrucous, and low- 
grade papillary variants. Grossly, lesions appear flat, smooth, 
and pearly white with occasional slightly elevated to papil- 
lary configuration. Microscopically, squamous hyperplasia 
shows acanthosis, hyper-/orthokeratosis, and normal matura- 
tion of squamous cells (Fig. 14-28). Patchy parakeratosis may 
occasionally be seen. Koilocytosis, deep keratin whorls, and 
cytologic atypia are not present. Pseudoepitheliomatous hyper- 
plasia may be confused with squamous cell carcinoma (SCC) 
because the florid complex downward proliferation of squa- 
mous rete ridges may appear as detached from the epithelium 
in cut sections. Important features that may be helpful to dif- 
ferentiate pseudoepitheliomatous hyperplasia from carcinoma 
include the superficial nature of the lesion, absence of atypia, 
absence of deep keratin whorls (keratin pearls), and lack of 
stromal reaction or desmoplasia. Another pattern is that of ver- 
rucous hyperplasia, typically found adjacent to verrucous car- 
cinomas (Fig. 14-28). The frequent association of squamous 
hyperplasia with differentiated PeIN and invasive carcinomas, 
especially low-grade variants and the usual continuity with the 
invasive tumor, suggests that squamous hyperplasia with or 
without lichen sclerosus may be a precancerous lesion of the 
penis.” Its role as a potential precursor remains controversial. 
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Figure 14-28 E Squamous hyperplasia, verrucous. There 
is acanthosis with hyperorthokeratosis. The lesion has a spiky 
(slightly verrucous surface). The epithelium shows normal matura- 
tion without atypia. 


SQUAMOUS NEOPLASIA 


Penile Intraepithelial Neoplasia 


Invasive squamous cell carcinomas are thought to be pre- 
ceded by precursor lesions, namely, PeIN. In keeping with 
the notion of a bimodal pathway of carcinogenesis in penile 
carcinoma, precursor lesions can be broadly classified into 
two main groups: HPV-related and HPV-unrelated vari- 
ants.®111-118 Taking into consideration the striking similari- 
ties in morphology and pathogenesis between vulvar and 
penile carcinomas,!!™!?! and in an attempt to have a sim- 
plified and more uniform terminology, we have recently 
proposed a slightly modified nomenclature for penile prein- 
vasive lesions. The term PeIN is preferred over old terms 
such as squamous intraepithelial lesion (SIL), erythroplasia 
of Queyrat, and Bowen disease. These latter two terms are 
synonymous with carcinoma in situ and have been used for 
lesions in the glans (erythroplasia of Queyrat) and skin of 
the shaft (Bowen disease).'2?"'** PeIN can be classified as 
differentiated/simplex (HPV-unrelated) and undifferentiated 
(HPV-related) variants (Box 14-2). The latter can be subclas- 
sified as warty, basaloid, and mixed warty/basaloid.** PeIN 
may be solitary or multifocal, and tends to be associated 
with infiltrating SCCs in about two-thirds of cases. In our 
experience of these cases, approximately 65% are associ- 
ated with differentiated PeIN and 35% with warty/basaloid 
PeIN. Differentiated PeIN affects older patients, it usually 
arises in the setting of a chronic scarring inflammatory der- 
matosis, and it is more frequently located in the foreskin 
when compared with HPV-related variants. The latter affect 
younger patients and are usually more centrally located in 
the glans and perimeatal region. The gross appearance of 
PeIN is heterogeneous and does not allow one to distin- 
guish between the two main types. Lesions vary from flat to 
slightly elevated, pearly white or moist erythematous, dark 
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Box 14-2 PENILE INTRAEPITHELIAL 


NEOPLASIA 


1. Differentiated 
e HPV unrelated 
e Well differentiated (pink cell predominates) 
e Precursor of HPV-unrelated SCC 
e Associated with LSA 
2. Undifferentiated 
Basaloid 
e HPV-related 
e Blue cell predominates 
e Precursor of HPV-related SCC 
Warty 
e HPV-related 
e Blue cells and koilocytes 
e Precursor of HPV-related SCC 
Mixed warty-basaloid 
e HPV-related 
e Mixed basaloid and warty features 
(Blue cells and koilocytes) 
e Precursor of HPV-related SCC 


brown or black, macules, papules, or plaques. The contours 
may be sharp or subtle and irregular. Occasionally, a granular 
or low papillary appearance may be noted. Microscopically, 
differentiated (simplex) PeIN is characterized by a thickened 
epithelium, usually associated with elongated and anasto- 
mosing rete ridges, subtle abnormal maturation (enlarged 
keratinocytes with abundant eosinophilic cytoplasm), whor- 
ling and keratin pearl formation (usually in deep rete ridges), 
prominent intercellular bridges (spongiosis and sometimes 
acantholysis), and atypical basal cells with hyperchromatic 
nuclei.5™!!811° Parakeratosis is frequent (Fig. 14-29). At low 
power, the atypia seems to be present only in lower levels of 
the epidermis; however, at higher power, it is more clear that 
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Figure 14-29 E Differentiated penile intraepithelial neopla- 
sia (PeIN). There is a thickened epithelium, associated with elongated 
and anastomosing rete ridges, basilar atypia, enlarged keratinocytes 
with abundant eosinophilic cytoplasm, and keratin pearl formation. 
There is also spongiosis with acantholysis and parakeratosis. 
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Figure 14-30 E Differentiated PeIN (left) is seen adjacent 
to a well-differentiated invasive carcinoma (right). 


there is subtle but abnormal maturation in all levels of the epi- 
thelium. Despite the subtle changes, we believe that differen- 
tiated PeIN represents a high-grade (although differentiated) 
lesion that may evolve to frank invasive carcinoma without 
showing more significant atypia (Fig. 14-30).8%118119.121 

It is not surprising that the precursor lesions of well- 
differentiated invasive tumors show such a high degree 
of differentiation. It is important to recognize this lesion 
because it appears to be the most frequent precursor lesion 
of penile carcinomas, especially the keratinizing and 
well-differentiated variants. Unfortunately, most studies 
on simplex PeIN are retrospective and have been done in 
penectomies for invasive carcinoma. It is also important to 
acknowledge the difficulty of this diagnosis and the need of 
molecular or immunohistochemical markers to more easily 
prospectively identify differentiated PeIN. p53 expression is 
more frequently seen in differentiated PeIN when compared 
with warty/basaloid variants!!?; however, p53 expression is 
also seen in benign condylomata and other inflammatory 
or reactive conditions and therefore cannot be considered a 
specific marker of differentiated PeIN. A preferential asso- 
ciation was seen between lichen sclerosus and differentiated 
PeIN when compared with warty/basaloid variants.’°** 
It is therefore important to keep a high level of suspicion 
when dealing with hyperkeratotic and hyperplastic lesions 
with subtle keratinocytic atypia arising in the setting of long- 
standing lichen sclerosus. 

The second major type of PeIN (the undifferentiated, 
HPV-related type) shows distinctive morphologic changes. It 
is subclassified as warty, basaloid, and mixed PeIN. In the 
basaloid variant, the epithelium is replaced by a monotonous 
population of small immature cells with a high nuclear/ 
cytoplasmic ratio (Fig. 14-31).!!8 Apoptosis and mitotic 
figures are numerous. Basaloid PeIN should be distinguished 
from transitional cell urethral carcinoma in situ, which may 
secondarily involve the penile meatal region.'*° In the warty 
pattern, the involved epithelium has an undulating or spiking 
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rentiated PeIN, basaloid type. There 


is replacement of the epithelium by a monotonous proliferation of 
small round cells with high nuclear/cytoplasmic ratio. 


surface with atypical parakeratosis. There is striking cellular 
pleomorphism and koilocytosis (multinucleation, nuclei 
with irregular contours, perinuclear halo, and dyskeratosis) 
(Fig. 14-32). Mitotic figures tend to be numerous. Frequently, 
lesions show overlapping features of both, namely, mixed 
warty and basaloid PeIN. These mixed lesions tend to have a 
spiking surface with koilocytic changes while the lower half of 
the epithelium is predominantly composed of small basaloid 
cells (Fig. 14-33). Basaloid and warty PeIN can be divided 
into low-grade and high-grade lesions when the atypical 
cells occupy less than half and more than half of the epithe- 
lial thickness, respectively. Most of the warty and basaloid 
PeIN will fall within the high-grade category. Full-thickness 
atypia of the epithelium equals carcinoma in situ. Low-grade 
lesions are exceptional and should be distinguished from 
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Figure 14-32 E Undifferentiated PeIN, warty type. The 
involved epithelium has an undulating/spiking surface with atypical 
parakeratosis. There is marked cellular pleomorphism and koilocy- 
tosis (multinucleation, nuclei with irregular contours, perinuclear 
halo, and dyskeratosis). 
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Figure 14-33 E Undifferentiated PeIN, mixed, warty—basa- 
loid type. The lower part of the lesion shows classical features of 
basaloid PeIN. The top part shows atypical koilocytic changes char- 
acteristic of warty PeIN. This example has a flat surface; most cases 
have a slightly undulating surface. 


benign condyloma, with the latter not being considered a 
preneoplastic condition. p16 is usually overexpressed in 
undifferentiated PeIN (Fig. 14-34) and negative in differen- 
tiated PeIN, further supporting the association of undiffer- 
entiated PeIN with high-risk variants of HPV." Other rare 
morphologic patterns of precursor lesions include pleomor- 
phic, pagetoid, clear, spindle, and small cell; all of these are more 
likely to represent variants of the HPV-related group. A recent 
study found a distinctive geographical distribution of penile 
precursor lesions. PeIN with warty and/or basaloid features 
predominated in low-incidence areas, whereas differentiated 
PeIN was more prevalent in endemic regions for penile can- 
cer. With few exceptions there is a good correlation between 
the microscopic appearance of the preinvasive process and 
the associated invasive carcinoma, further supporting the 
concept of a dual pathway of penile tumorigenesis. 


Figure 14-34 E Basaloid PeIN. Note the overexpression of 
p16 by the BC in situ. 
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Some authors still use the old terminology of mild 
(PeIN 1), moderate (PeIN 2), and severe dysplasia (PeIN 3 
or carcinoma in situ) based on the degree, in thirds, that the 
epithelium is atypical.3”**!'3"!'° Because of the overlapping 
features between moderate and severe dysplasia, PeIN 2 and 
3 are combined in one category in some systems. Such sys- 
tems divide PeIN into only two grades: low and high. These 
systems mainly apply to the HPV-related group of lesions. 

It has been suggested that the use of a triple p16/p53/ 
Ki-67 immunohistochemical panel may be helpful in the 
classification, differential diagnosis, and morphologic stan- 
dardization of penile intraepithelial lesions.'! 


Bowenoid Papulosis 


Bowenoid papulosis is a multifocal HPV-related condition 
affecting the anogenital region of young adults.'** ”° Clinically, 
penile bowenoid papulosis is characterized by multiple soft 
papules or macules mostly affecting the skin of the shaft, and 
less frequently the epithelium of the glans, sulcus, or fore- 
skin. Despite the clinical benign-looking appearance of these 
papular lesions, histopathologic findings reveal features of a 
squamous cell carcinoma in situ.’ There is a proliferation of 
atypical cells with a high nuclear/cytoplasmic ratio that tend 
to have a more patchy and less continuous disposition when 
compared with carcinoma in situ (Fig. 14-35). There may be a 
variable increased pigmentation of the basal layer.'?’ Definitive 
histologic distinction between carcinoma in situ and bowenoid 
papulosis is not possible; therefore, clinical correlation is nec- 
essary to confirm this diagnosis. Immunosuppression, includ- 
ing HIV infection, greatly increases the risk for bowenoid 
papulosis, with the lesions in this setting tending to be more 
widespread. Lesions of bowenoid papulosis may regress spon- 
taneously or (especially in immunocompromised patients) 
may evolve to invasive carcinoma.'** High-risk HPVs, mainly 
HPV-16, are regularly found in the lesions.'”° 


Figure 14-35 Œ Bowenoid papulosis. There is a proliferation 
of atypical cells with high nuclear/cytoplasmic ratio that tend to have 
a more patchy and less continuous disposition when compared with 
carcinoma in situ. 
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Squamous Cell Carcinoma 


The majority of penile carcinomas are squamous cell carci- 
nomas that arise on the mucosal squamous epithelium of the 
distal portion of the organ including glans, coronal sulcus, and 
foreskin (Fig. 14-36).3° Primary squamous cell carcinomas 
arising from the cutaneous surface of the foreskin and shaft 
are extremely rare. Squamous cell carcinoma of the penis is 
relatively infrequent in the United States and Europe, where it 
accounts for <1% of all malignancies in males. However, it is 
still common in some parts of Asia, Africa, and Latin America, 
accounting for over 10% of all carcinomas in males.'3°'%¢ 
Penile cancer most frequently affects elderly men, but age 
variations are seen with certain histologic subtypes (i.e., basa- 
loid and warty carcinomas affect slightly younger patients than 
the other variants). There is no racial preference.'*’ Familial 
cases also have been noted.'*° Cancer of the penis is relatively 
common in Africa, being the most common form of cancer in 
males in Uganda.'” There is wide variation in prevalence in 
India." Regional differences in the prevalence of penile carci- 
noma are noted, even in the same country. It is the second most 
common urologic cancer after prostate cancer in males in the 
tural population of Paraguay; interestingly, it is extremely rare 
in the urban population of the same country. 


Etiopathogenesis 


Circumcision has a protective effect against carcinoma, 
especially when performed shortly after birth.'°*! Late 
circumcision does not seem to have the same preventive 
effect. Carcinoma of the penis is exceptional in the Jewish 
population. Penile carcinomas arising on circumcision scars 
in cases of adult circumcision have been described.'**'"" It 
is likely that carcinoma is related to personal hygiene and 
possibly the carcinogenic effect of smegma, factors that may 
be enhanced by lack of circumcision. In keeping with this 


Figure 14-36 E Invasive squamous cell carcinoma arising 
from the mucosal surface of the glans. The surface of the lesion 
appears flat and ulcerated. On cut sections, such flat lesions may be 
deeply invasive tumors. 


notion, it has been shown that long phimotic foreskins are 
associated with penile carcinoma.’ It has also been shown 
that male circumcision is associated with a reduced risk of 
penile HPV infection and, in the case of men with a history 
of multiple sexual partners, a reduced risk of cervical can- 
cer in their current female partners.'**!* The etiology of a 
subset of cancer of the penis has been linked to HPVs, with 
a high preponderance of HPV-16.4°48'*5'° In a combined 
study of cases from the United States and Paraguay, HPV 
DNA was detected in 42% of penile carcinomas.’ HPV is 
more frequently associated with basaloid or warty carcinoma 
variants (85%). The majority of usual/keratinizing and ver- 
rucous carcinomas are not related to HPV. There appears to 
be strong evidence that at least HPV-16 is involved in penile 
carcinogenesis; the role of other HPV types remains con- 
troversial. In the majority of cases HPV-16 is integrated 
into the genome (host cell chromosomes)'** and it has been 
shown that both primary and metastatic tumors contain the 
same integrated HPV subtype with identical cleavage pat- 
terns, suggesting that it is a stable component of cancer 
progression.'*° Molecular studies have shown E6 transcrip- 
tional activity and a high viral load in HPV-16 DNA-—positive 
squamous cell carcinomas. Additionally, HPV-16 molecular 
findings were strongly associated with HPV-16 L1-, E6-, 
and E7-antibody seropositivity.“ For additional discussion 
on HPV, please review the section on molecular studies. 
Although an association of Epstein-Barr virus (EBV) with 
penile carcinomas has been reported, a possible carcino- 
genic role of EBV in penile tumors has not been proved and 
remains controversial.'*''** Numerous reports have linked 
lichen sclerosus to penile cancer.”678-83-153-155 It is possible 
that lichen sclerosus is a precancerous condition for a sub- 
set of squamous cell carcinomas, mainly the HPV-unrelated 
variants.”°*? The relation between lichen planus and penile 
cancer remains controversial.” A significant association 
was reported among smoking, chewing tobacco, and the use 
of snuff in patients with penile cancer, with a dose-response 
relationship for the first two.'*° Daling found that the adjusted 
odds ratio for penis cancer associated with current smoking 
was 2.8 times that of men who never smoked,!*’ and it was 
dose dependent. Radiation-induced carcinoma of the penis 
has been reported.'** They usually are more aggressive than 
the original tumor. Radiation-induced transformation of ver- 
rucous to anaplastic carcinoma has been noted.'* It has been 
found that psoriatic patients exposed to high levels of ultravi- 
olet B radiation have a higher risk of genital tumors (includ- 
ing penile carcinoma). Psoralens and ultraviolet A radiation 
(PUVA) were found to have a strong dose-dependent cor- 
relation with penile cancer.'® Squamous cell carcinoma may 
be associated with scars (e.g., secondary to a burn).!*! 


Classification 


The vast majority of malignant neoplasms of the penis are 
SCCs. They may be broadly classified according to patterns 
of growth and more specifically classified according to his- 
tologic variant. 
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Figure 14-37 E Superficial spreading pattern of growth. Gross picture (A) and diagram (B) illustrating the cut section of a superfi- 
cially spreading carcinoma composed of an extensive intraepithelial component (horizontal growth), associated with a superficially invasive 
cancer. Gl, glans; Fk, foreskin; CS, corpus spongiosum; CC, corpus cavernosum; A, albuginea; Ur, urethra; Ca, carcinoma. 


Patterns of Growth 

SCCs of the penis can be classified in three major growth 
patterns with different prognostic implications.**'°'® 
Superficial spreading corresponds to slowly growing neo- 
plasms widely involving the superficial anatomic layers 
of glans, sulcus, and/or foreskin. Neoplasms showing this 
pattern tend to have a long and initially horizontal phase 
(mainly involving the epithelium and sometimes lamina 
propria) followed by a more advanced phase with focal 
vertical growth pattern with invasion of corpus spongio- 
sum and cavernosum. Grossly, the lesions appear as slightly 
raised white-gray granular firm neoplasms usually affecting 
more than one anatomical compartment (i.e., glans, fore- 
skin, and coronal sulcus). A cut section of the specimen will 
show a wide, band-like thickening of the surface extensively 
limited to the lamina propria; focally, deeper infiltration 
may be seen (Fig. 14-37A and B). Microscopically, these 
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lesions show an extensive in situ component with focal 
(and less often multifocal) infiltration of lamina propria 
or deeper anatomical layers. The most common histologic 
variant associated with the superficial spreading pattern is 
SCC of the usual type. It is important to keep in mind when 
dealing with such tumors that because of the characteris- 
tic centrifugal growth, they can extend to the urethral or 
cutaneous surgical margins of resection. If a foreskin speci- 
men is evaluated, the entire circumferential margin near the 
coronal sulcus should be submitted for histologic evalua- 
tion to avoid recurrences in the glans. Vertical growth pat- 
tern is seen in large, endophytic, deeply infiltrative tumors. 
These lesions often show a fungating and ulcerated surface. 
Cut sections show a solid, deeply invasive neoplasm with 
nodular appearance (Fig. 14-38A and B). Rounded satellite 
nodules separated from the main tumor and usually deeply 
located in the corpus spongiosum or cavernosum may be 


Figure 14-38 E Vertical pattern of growth. Gross (A) and diagram (B) of the cut surface of a deeply invasive squamous cell carci- 
noma. Such tumors are associated with a high rate of regional metastasis. On microscopic examination, this case corresponded to a BC. CA, 
carcinoma; N, foci of comedonecrosis; TA, albuginea; CC, corpus cavernosum. 
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Figure 14-39 E Verruciform growth pattern. A: Cut sections of a partial penectomy specimen illustrating a verrucous carcinoma 
replacing the distal glans. Note papillomatous (verruciform) surface of the tumor. B: Diagram of the same lesion. VC, verrucous carcinoma; 


CS, corpus spongiosum; CC, corpus cavernosum. 


seen. The tumors tend to show high histologic grade and 
lymphovascular invasion. The histologic types most com- 
monly associated with this pattern of growth are basaloid, 
sarcomatoid, and usual SCC.'*’ The vertical pattern of 
growth is associated with a high risk of regional metastasis 
and poor outcome. The verruciform growth pattern is seen 
in approximately 25% of penile tumors and corresponds to 
slowly growing, exophytic, well-differentiated neoplasms 
with papillary surfaces (Fig. 14-39A and B).*** They are 
usually confined to the lamina propria or superficial corpus 
spongiosum or more rarely may invade deeper structures. 
This pattern of growth is usually seen in histologic variants 
such as verrucous carcinoma, condylomatous (warty) carci- 
noma, papillary carcinoma, and carcinoma cuniculatum.'®% 
Benign conditions such as verruciform xanthomas and 
common and giant condylomata may show a similar pattern 
of growth. Multicentric carcinoma refers to the presence 
of two or more independent carcinomatous foci separated 
by nonneoplastic tissue (Fig. 14-40). This may be a clini- 
cal or a microscopic finding. Multicentric carcinomas may 
affect different anatomical compartments and may be syn- 
chronous or metachronous. The pattern of growth of each 
tumor may be similar or different (i.e., one tumor may show 
a vertical pattern of growth and the other may be superficial 
spreading) and they may correspond to similar or differ- 
ent histologic types. The prognosis would be related with 
the tumor showing histologic parameters of more aggres- 
sive behavior. The margins of resection should be carefully 
evaluated in these multicentric lesions. Mixed patterns may 
be seen in about a third of penile tumors, especially in clini- 
cally advanced stages. A classical example is the hybrid/ 
verrucous SCC. Usually, these tumors show a combination 
of different histologic grades. Such lesions may also be 
multicentric. It is important to recognize growth patterns 
because they can determine the best therapeutic approach. 


Large tumors of the penis may be treated conservatively if 
they are verruciform or superficially spreading, whereas 
small vertical growth tumors often require radical surgery 
and lymphadenectomy. 


Histologic Subtypes 

The majority of penile carcinomas show a conventional 
nonverruciform keratinizing squamous cell appearance 
(SCC of usual type). Other histologic variants included in 
the WHO histologic classification of penile SCCs are basa- 
loid carcinoma (BC), warty (condylomatous) carcinoma, 
verrucous carcinoma, papillary carcinoma, sarcomatoid 
carcinoma, mixed carcinomas, and adenosquamous carcino- 
mas.®!®-!661 Additional histologic variants such as pseudo- 
hyperplastic SCC, mixed warty—basaloid, papillary basaloid, 
carcinoma cuniculatum, acantholytic SCC, and clear cell 
SCC have also been described?®!70-174 (Box 14-3). 


Figure 14-40 EŒ Multicentric squamous cell carcinoma of 
the foreskin. There are two separate neoplasms, each of which is 
indicated by an arrow. The smaller tumor was a well-differentiated 
SCC, and the larger one was a sarcomatoid. 
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Box 14-3 © SQUAMOUS CELL CARCINOMA 


OF PENIS: HISTOLOGIC VARIANT 


SCC, usual type 

Basaloid carcinoma 
Warty carcinoma 
Verrucous carcinoma 
Carcinoma cuniculatum 
Papillary SCC (NOS) 
Sarcomatoid carcinoma 
Acantholytic/adenoid SCC 
Adenosquamous SCC 
Pseudohyperplastic SCC 
Mixed SCC (warty-basaloid; hybrid verrucous/usual type SCC) 


Squamous Cell Carcinoma, Usual Type 


Invasive keratinizing carcinoma without any special fea- 
tures is similar to squamous carcinomas of other sites.!7!* 
It is the most common type of penile cancer, accounting for 
60% to 70% of all cases. The most frequent clinical presen- 
tation is that of an irregular mass in the glans penis with or 
without palpable inguinal lymph nodes. Enlarged metastatic 
inguinal lymph nodes associated with an occult primary 
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penile cancer owing to severe phimosis is a less likely but 
possible presentation. 

The median age is about 58 years. Grossly, it appears as 
an irregular granular mass with variably, flat, exophytic, or 
even polypoid surface. Large lesions tend to be ulcerated. 
The cut surface shows a white to tan solid irregular tumor 
with either superficial or deep penetration into the various 
penile anatomical layers. Microscopically, SCC of the usual 
type is an infiltrating keratinizing squamous carcinoma that 
can be classified based on a three-grade system.*”:' Well- 
differentiated (grade 1) tumors are characterized by squa- 
mous cells with almost normal to slightly enlarged nuclei 
and abundant eosinophilic cytoplasm. Intercellular bridges 
are easily identified and keratinization is prominent. There 
is minimal pleomorphism, usually seen near the basal layer 
(Fig. 14-41A). Moderately differentiated (grade 2) car- 
cinomas show a more disorganized growth compared to 
grade 1 lesions, higher nuclear cytoplasmic ratio, evident 
mitoses, and, although present, less prominent keratiniza- 
tion (Fig. 14-41B). The majority of the SCC of usual type 
show moderate degree of differentiation. Poorly differenti- 
ated (grade 3) neoplasms show little to no keratinization. In 
such lesions, the tumoral cells are arranged as solid sheets 
or irregular aggregates, nests or cords. The atypical cells 
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14-41 E Squamous cell carcinoma, usual type. 
A: Well-differentiated tumor composed of neoplastic cells with 
ample eosinophilic cytoplasm and relatively uniform nuclei; 
(B) moderately differentiated neoplasm showing more pleomorphic 
nuclei compared with well-differentiated lesions; (C) poorly differ- 
entiated SCC showing sheets and cords of neoplastic cells with high 
nuclear/cytoplasmic ratio and scant or no keratinization. 
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show marked nuclear pleomorphism, high nuclear cytoplas- 
mic ratio, prominent nucleoli, and numerous mitosis figures 
(Fig. 14-41C). A tumor should be graded on the least differ- 
entiated element even if this constitutes only a minor com- 
ponent of the neoplasm. Any proportion of grade 3 should 
be reported.'**!*> Poorly differentiated areas may be focal. 
When they are the predominant component, it may be dif- 
ficult to establish the true nature of the neoplasm. In these 
cases, immunohistochemical studies may be necessary to 
achieve the diagnosis and to differentiate these tumors from 
other less common malignancies such as melanoma and sar- 
coma. Urothelial urethral carcinomas can also be confused 
with poorly differentiated solid variants of SCC. Urethral 
neoplasms usually affect the ventral portion of the penis and 
show no evidence of squamous intraepithelial atypia; the 
identification of urothelial carcinoma in situ in urethral epi- 
thelium or the history of a previous bladder cancer facilitates 
the diagnosis. Unusual patterns such as pseudohyperplastic, 
acantholytic, spindle cell, lymphoepithelioma-like, trabecu- 
lar, giant cell/pleomorphic, small cell, rhabdoid, and clear 
cell may be focally seen. The stroma shows a mild to severe 
inflammatory lymphoplasmacytic infiltrate. Eosinophils 
are occasionally prominent. Foreign body-type giant cell 
reaction to the keratin may be noted, especially in highly 
keratinized tumors. Desmoplasia is unusual. The adjacent 
epidermis usually shows squamous hyperplasia. Associated 
PeIN is present in two-thirds of the cases. Lichen sclerosus 
can be seen in the adjacent mucosa, especially associated 
with low-grade carcinomas of the foreskin. 


Basaloid Carcinoma 


Basaloid carcinoma is an aggressive, high-grade, and deeply 
invasive penile neoplasm, usually associated with HPV.'” 
It accounts for 5% to 10% of all penile cancers; the median 
age is 52. More than half the patients show enlarged ingui- 
nal nodes owing to metastasis at the time of diagnosis. The 
glans is the main location. Grossly, there is a rather flat, 
ulcerated irregular mass. The cut surface shows a solid, tan 
tissue usually replacing corpus spongiosum, with involve- 
ment of albuginea and corpora cavernosa. Minute dot-like 
necrotic foci within the tumor are frequently seen (Fig. 
14-38A and B). Microscopically, characteristic solid infil- 
trative nests composed of monotonous blue round small 
tumor cells are noted (Fig. 14-42A and B). These tumoral 
aggregates may show peripheral palisading surrounded 
by peripheral clefts and central foci of comedonecrosis 
(Fig. 14-42C). The cells are small, with a high nuclear/ 
cytoplasmic ratio, similar to basal cells, and show incon- 
spicuous nucleoli. Numerous mitoses are characteristic of 
this lesion. A starry-sky appearance may be noted because 
of prominent apoptosis (Fig. 14-42B). Occasionally, the 
central areas of the neoplastic aggregates show pleomor- 
phic cells with larger size. Focal and abrupt keratinization 
in the central portion of the nests can be seen in some 
cases. The adjacent epidermis usually shows atypical 


basal cell hyperplasia, basaloid or mixed basaloid/warty 
PeIN (Figs. 14-31 and 14-33), and, less often, warty car- 
cinoma in situ (Fig. 14-32). The stroma may show chronic 
inflammatory cells or hyalinization. Lymphovascular inva- 
sion tends to be prominent (Fig. 14-42D). The mortality 
rate of patients with BC is near 60%.'%’ Most BCs have a 
flat and often ulcerated surface. A rare papillary variant 
of BC has been recently described. These tumors have a 
better prognosis than the classical type of BC; however, 
deeply invasive tumors were associated with regional 
nodal metastasis indicating a potential for tumor-related 
death.'”! 


Warty (Condylomatous) Carcinoma 


Warty carcinomas are unusual, low- to intermediate-grade, 
slowly growing malignant tumors with a verruciform pat- 
tern, identical to their counterpart in the vulva.'**'** Because 
of their prominent HPV-related changes, they have some 
morphologic features that may be confused with condy- 
loma.*”?"'® Grossly, the tumors are exo-endophytic, cauli- 
flower-like measuring 5 cm in average diameter. The surface 
of the tumor may show a cobblestone appearance. The 
cut surface reveals a papillomatous growth, with frequent 
deep penetration into corpus spongiosum or cavernosum 
(Fig. 14-43A). The deep border varies from irregular to broad 
and pushing. Microscopically, an arborescent papillary 
pattern is noted (Fig. 14-43B and D). The papillae are long, 
undulating, rounded, or spiky, with prominent fibrovascular 
cores (Fig. 14-43B and D). The neoplastic cells are pleomor- 
phic with prominent koilocytic changes (enlarged nuclei with 
irregular contours, binucleation, clear perinuclear halo, and 
dyskeratosis are prominent) (Fig. 14-43C and F). Compared 
to benign condylomata, these HPV-related changes are not 
restricted to the surface but are present throughout the tumor, 
including in its deep portion (Fig. 14-43E). The boundary 
between the neoplasm and stroma is infiltrative (jagged) in 
the majority of cases; however, some cases may show a pre- 
dominantly pushing border. Intraepithelial abscesses may 
be prominent, especially in the basal areas. Hyperkeratosis 
and atypical parakeratosis are prominent. In some cases a 
deep endophytic growth pattern with well-circumscribed 
deep pseudocystic nodular aggregates can be seen. Some 
warty carcinomas may show prominent clear cell features 
(Fig. 14-43F). These clear cell squamous cell carcinomas 
should be differentiated from sweat gland carcinomas and 
metastatic renal clear cell carcinomas to the penis. Warty 
carcinomas should be distinguished from giant condylomata 
(Box 14-4), which are benign tumors with koilocytosis 
restricted to the surface and pushing deep borders. Benign 
condylomata lacks the cellular pleomorphism seen in warty 
carcinomas. Verrucous and papillary carcinomas show no 
HPV-related changes. Warty carcinomas may be associated 
with regional lymph node metastasis and this appears to be 
more frequent in deeply invasive and high-grade tumors. Warty 
carcinomas have an intermediate biologic behavior, between 
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Figure 14-42 Basaloid carcinoma. A: Solid and confluent infiltrative nests composed of small blue round cells with scant cyto- 
plasm. B: Higher-power view of the infiltrating nests composed of a monotonous population of small basaloid cells with high mitotic 
rate. Note the starry-sky appearance due to prominent apoptosis. C: Cleft formation between the tumor aggregate and the stroma. 


D: Lymphovascular invasion is commonly identified in BCs. 
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Figure 14-43 Warty carcinoma. A: Cut surface of a partial penectomy specimen shows a papillomatous growth invading the cor- 
pus spongiosum. The epithelium of the papillae is white, and the vascular core appears dark in this picture. B: Low-power view of a warty 


carcinoma showing long undulating papillae and deep jagged borders. 
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FIGURE 
from long and spiky to round. This picture illustrates a round papilla similar to those seen in condylomata. E: Koilocytosis is not restricted 
to the surface but also present in deep invasive portions of the tumor. F: Warty carcinoma with prominent clear cell features. 


other types of low-grade verruciform tumors (verrucous, 
papillary) and the usual SCC of the penis. 

Warty carcinoma is the most frequent variant of penile 
carcinoma seen in immunosuppressed patients. It has been 
shown that p16 overexpression is strongly associated with 
high-risk HPV (16 and 18)-related carcinomas in different 
locations including the penis.'*’”'** The majority of BCs, 
warty carcinomas, and warty/BCs (high-risk HPV-related 
tumors) show diffuse p16 expression while the majority of 
the non—HPV-related tumors do not overexpress p16.'°8 


Verrucous Carcinoma 


Verrucous carcinoma is an unusual, slowly growing, extremely 
well-differentiated variant of SCC, with an exophytic papil- 
lary appearance and characteristic broadly based boundary 
between tumor and stroma (Figs. 14-39A and B, 14-44A) 


š i eS Y 
papillae of warty carcinoma vary 


ý "ss 


(Box 14-4).3!6.!8-19! Grossly, they are exophytic white-gray 
neoplasms measuring from 1 to 3 cm in diameter; larger 
destructive lesions can be seen but they usually harbor hybrid/ 
higher-grade areas. Verrucous carcinomas commonly affect 
the glans or the foreskin. Microscopically, the lesions are 
characterized by thick acanthotic papillae with thin and gen- 
erally inconspicuous fibrovascular cores. There is prominent 
piling up of keratin between the papillae sometimes forming 
keratin craters (Figs. 14-44B and 14-45B). Orthokeratosis, 
with presence of keratohyaline granules, is frequently pres- 
ent, but parakeratosis may also be seen. Koilocytosis is not 
a feature of verrucous carcinoma; however, occasional vacu- 
olated clear cells (likely not true koilocytes) may be seen at 
the surface. In any case, these changes are nonprominent. The 
neoplastic cells are extremely well differentiated, with promi- 
nent intercellular bridges (Fig. 14-44C). There is minimal 
atypia at the base of the nests as well as rare mitosis. The 
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Verrucous carcinoma 
Papillary surface without koilocytosis 
Broad pushing base 
HPV-unrelated 
Carcinoma cuniculatum 
Variant of verrucous carcinoma 
Deep invaginations 
Papillary carcinoma (NOS) 
Papillary surface without koilocytosis 
Irregular/ infiltrative base 
HPV-unrelated 
Warty carcinoma 
Papillary surface with prominent koilocytosis 
Irregular/infiltrative base 
Koilocytosis throughout the tumor 
HPV-related (High-risk HPV-16 and -18) 
Condyloma acuminatum/giant condyloma 
Benign lesion 
Papillary surface with koilocytosis 
Koilocytosis limited to the surface 
Broad/pushing base 
HPV-related (Low-risk HPV-6 and -11) 
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base of the tumor is broad and pushing and sometimes shows 
a characteristic club-shaped pattern (Fig. 14-44B and C). A 
dense inflammatory cell infiltrate may obscure the boundar- 
ies between tumor and stroma. Most verrucous carcinomas 
are limited to the lamina propria; deeper invasion is unusual 
but may occur. The majority of large and deep verrucous 
carcinomas harbor smaller foci of invasive carcinoma of the 
usual type.!” These mixed or hybrid variants should be distin- 
guished from pure verrucous carcinomas. In our experience, 
pure verrucous carcinomas have an excellent prognosis while 
hybrid verrucous carcinomas are associated with regional 
metastasis in approximately 25% of the cases.'°!"! The pres- 
ence of regional metastasis in verrucous carcinomas is related 
to higher-grade areas and deeper infiltration. Verrucous carci- 
nomas can be associated with local recurrence (up to a third 
of the cases in different series), and this may be related to 
insufficient surgery or due to multicentricity. Multicentric 
carcinomas are usually seen in the setting of long-standing 
lichen sclerosus (Fig. 14-44A). The absence of koilocytosis 
helps to distinguished verrucous carcinoma from giant con- 
dyloma and warty carcinoma. Verrucous carcinoma does not 


Figure 14-44 WE Verrucous carcinoma. A: Two separate 
preputial verrucous carcinomas arising in a background of lichen 
sclerosus. B, C: Low-power view illustrating the verrucous surface 
and bulbous and club-shaped deep borders. The papillae show thick 
acanthotic epithelium and thin fibrovascular cores. Note the charac- 
teristic piling up of orange keratin among the papillae. Higher-power 
view to illustrate the high degree of differentiation and bulbous, 
pushing deep borders. 
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show the pleomorphic features and jagged borders that are 
seen in warty carcinoma. Papillary carcinomas can be very 
similar to verrucous, but they are more atypical and show 
infiltrative, jagged deep borders. 


Carcinoma Cuniculatum 


This unusual tumor was originally described by Ayrd et al.!”” 
in the plantar skin as a peculiar variant of verrucous car- 
cinoma characterized by a deep burrowing growth pattern 
mimicking rabbit burrows (cuniculum) (Box 14-4). Rare 
cases have been reported in the penis.'” The patients’ mean 
age is 77 years. Grossly, the tumors are large, papillomatous 
lesions with cobblestone appearance, usually affecting the 
glans and extending to the coronal sulcus and foreskin. Cut 
surfaces show the hallmark of the lesion represented by deep 
and narrow, complex tumor invaginations that connect to the 
surface through sinus tracts (Fig. 14-45A). Microscopically, 
the bulk of the lesion has features of a verrucous carcinoma 
(extremely well differentiated with bulbous deep borders) 
(Fig. 14-45B) usually associated with a minor component 
that is more infiltrative and less differentiated. In most cases, 
therefore, it represents a hybrid verrucous/usual SCC with a 


Figure 14-45 E Carcinoma cuniculatum. A: Cut section ofa 
partial penectomy specimen illustrating the characteristic deep bur- 
rowing pattern. B: Microscopically, most of the tumor looks like a 
verrucous carcinoma. Note the club-shaped deep borders and piling 
up of keratin among the acanthotic papillae. C: Interanastomosing 
sinus-like structures lined by a well-differentiated squamous cell 
carcinoma and filled with keratin. 


peculiar growth pattern. The deep invaginations form inter- 
anastomosing channels and pseudocystic structures that 
are lined by well-differentiated carcinoma and filled with 
keratin material (Fig. 14-45C). Carcinoma cuniculatum 
appears to have a good prognosis. None of the reported cases 
metastasized.” 


Papillary Carcinoma 


Papillary carcinoma is an exophytic, slowly growing, 
low-grade squamous cell carcinoma without HPV-related 
changes that usually shows an irregular infiltrating base 
(Box 14-4). The diagnosis is made by exclusion of 
the other more specific types of verruciform tumors. It 
is usually located in the glans, although other compart- 
ments also may be involved. Inguinal lymph node metas- 
tasis is unusual. Grossly, they are white-gray exophytic 
destructive lesions. The cut surface usually shows a pearly 
white tumor with a serrated papillomatous surface and 
ill-defined deep borders. Microscopically, the appearance 
is that of a well-differentiated papillary squamous neo- 
plasm. Hyperkeratosis and acanthosis are prominent. The 
papillae are variable, short or long, usually with prominent 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


Chapter 14 li Penis and Scrotum 887 


moderately differentiated. B: The interface between the tumor and stroma is infiltrative. 


fibrovascular cores (Fig. 14-46A). Keratin cysts or intraep- 
ithelial abscesses can be noted. Koilocytotic-like changes 
may be present focally but are never prominent. The base 
of the lesion is irregular and infiltrative (Fig. 14-46B). 
Verrucous carcinomas share some architectural (papillary 
surface) and cytologic (degree of differentiation and lack 
of koilocytosis) features with papillary carcinoma; how- 
ever, the deep border of verrucous carcinoma is classically 
broad and pushing compared to the jagged borders of pap- 
illary carcinoma. In addition, papillary carcinoma tends to 
be slightly less differentiated that verrucous carcinoma, 
especially in deeper portions of the neoplasm. Warty carci- 
nomas can be distinguished from papillary carcinomas by 
the marked pleomorphism and koilocytosis. 


Sarcomatoid Carcinoma 


Sarcomatoid carcinomas are uncommon (representing approx- 
imately 4% of penile carcinomas), high-grade tumors, pre- 
dominantly composed of spindle cells.!°*!°° The patients’ mean 
age is 60 years. Grossly, tumors are large, polypoid, and ulcer- 
ated masses frequently affecting the glans and deeply invad- 
ing corpora spongiosa and cavernosa (Fig. 14-47A and B). 
Microscopically, the neoplasms are predominantly composed 
of atypical spindle cells disposed in interlacing fascicles, 
resembling fibrosarcoma or leiomyosarcoma (Fig. 14-48A), 
sometimes admixed with pleomorphic giant cells mimicking 
malignant fibrous histiocytoma. Myxoid changes may be prom- 
inent. Lesions showing a prominent pseudovascular pattern 


Figure 14-47 E Sarcomatoid carcinoma. A, B: Cut surface and diagram of a penectomy specimen with an ulcerated and large tumor 
deeply invading into the corpus spongiosum of the glans and extending into the coronal sulcus and foreskin. There are satellite nodules in 
the corpus cavernosum; this last feature is frequent in this highly aggressive neoplasm. The primary tumor and satellite nodules are shown 
in red in the diagram. F, foreskin; G, glans; CC, corpus cavernosum; U, urethra; M, meatus. 
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spindle cells simulating a sarcoma. B: Sarcomatoid carcinoma with angiosarcomatoid features. C: Sarcomatoid carcinoma with bone for- 
mation. D: Foci of clear-cut squamous differentiation may be present and are usually a minor component. 


mimicking angiosarcoma have been described (Fig. 14-48B).!*° 
Mitotic figures are numerous, and necrosis is prominent. 
Foci of bone and cartilaginous heterologous differentiation 
(osteosarcomatous and chondrosarcomatous components) may 
be observed (Fig. 14-48C). Because foci of carcinoma in situ 
and a clear-cut keratinizing invasive component may be very 
focal (Fig. 14-48D), multiple sections and immunohistochemi- 
cal studies may be necessary to make a correct diagnosis. The 
spindle cells are usually positive for vimentin, different cyto- 
keratins, and p63. In our experience, cytokeratin 34betaE12 and 
p63 appear to be the more specific and sensitive markers to cat- 
egorize these tumors as epithelial (Fig. 14-49A and B). AE1/ 
AE3 and Cam 5.2 tend to be more variably and focally positive, 
sometimes highlighting only scattered single cells. Smooth 
muscle actin may be focally positive; however, desmin and 
S-100 are negative. Penile sarcomatoid carcinomas are aggres- 
sive tumors usually associated with lymph node metastasis 
and poor outcome.'*'”” Differential diagnoses include differ- 
ent sarcomas and melanoma. Penile sarcomas are exceedingly 
rare tumors, usually arising in deep tissues (such as the corpora 


cavernosa). A poorly differentiated spindle cell neoplasm aris- 
ing from the epithelium of the distal penis most likely repre- 
sents a sarcomatoid carcinoma. In advanced ulcerated lesions, 
the connection to the overlying epithelium may be difficult to 
prove and occasionally they may be mostly (or even entirely) 
composed of spindle cells. A large tumor involving and ulcer- 
ating the distal penis most likely represents a sarcomatoid car- 
cinoma, despite lack of clear-cut connection to the epithelium. 
When present, identification of PeIN in the adjacent epithelium 
and foci showing clear-cut squamous differentiation are helpful 
in making the diagnosis of carcinoma. When these features are 
not present and the tumor is entirely composed of spindle cells 
(monophasic sarcomatoid carcinomas), immunohistochemical 
analysis is crucial in making the diagnosis. 


Pseudohyperplastic Carcinomas 


Pseudohyperplastic squamous cell carcinomas are non- 
verruciform low-grade tumors preferentially affecting the 
foreskin of older patients (eighth decade) and strongly 
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cells supports the epithelial nature of the neoplasm. B: Immunohistochemical stain for p63 shows diffuse nuclear expression. 


associated with lichen sclerosus.”!” There is extreme 
differentiation and in small biopsies the tumors mimic 
pseudoepitheliomatous hyperplasia. They are often multi- 
centric and the second or third independent tumor may show 
some verrucous features. Grossly, they are flat or slightly 
elevated lesions measuring about 2 cm. Characteristic micro- 
scopic features are keratinizing nests of squamous cells 
with no or minimal atypia surrounded by a reactive stroma 
(Fig. 14-50A and B). This degree of differentiation is noted 
only in low-grade verruciform tumors such as verrucous or 
papillary cancers. The consistent association with lichen 
sclerosus suggests that this inflammatory condition may play 
a precancerous role. In a series of 10 cases, recurrence was 
noted in the glans of | patient who was circumcised for a 
multicentric carcinoma of the foreskin 2 years after diagno- 
sis. No metastases were found in any of these cases.” 


Acantholytic (Pseudoglandular or Adenoid) SCC 


The unusual variant of SCC is characterized by the pres- 
ence of pseudoglandular spaces secondary to acantholysis 
(Fig. 14-51). The patient’s median age is 54 years. Tumors 
tend to be large, involve multiple penile anatomical compart- 
ments, and deeply invade into erectile corpora. The pseudo- 
glandular spaces contain acantholytic neoplastic keratinocytes 
sometimes admixed with keratin material and necrotic debris. 
Carcinoembryonic antigen (CEA) and mucin stains are nega- 
tive. Acantholytic squamous cell carcinomas usually harbor 
high-grade foci, invade deep anatomical structures, and there- 
fore tend to be associated with a high incidence of regional 
metastasis and mortality. The differential diagnosis includes 
gland forming penile tumors (surface adenosquamous, muco- 
epidermoid, and urethral adenocarcinomas) and angiosarcoma. 


differentiated carcinoma that may be confused with pseudoepitheliomatous hyperplasia. 
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fn. 
Figure 14-51 E Squamous cell carcinoma with acantholytic 


features. Note the presence of acantholytic neoplastic cells within 
the pseudoglandular spaces. 


Mixed Squamous Cell Carcinomas 


Squamous cell carcinomas of the usual type can be found 
in association with any other subtypes of penile cancer. 
Mixed carcinomas account for about 25% of penile SCCs. 
The classical example is that of a verrucous carcinoma with 
higher-grade foci consisting of usual SCC, so-called hybrid 
carcinoma (Fig. 14-52).!°! The metastatic potential of these 
hybrid tumors is related to the grade and depth of invasion of 
the nonverrucous component. Another interesting tumor is 
the warty basaloid, where an exophytic warty tumor is asso- 
ciated with a deeply invasive BC'” (Fig. 14-53). The clinical 
behavior is related to the basaloid component, with a high 
rate of regional metastasis. As warty and BCs, the mixed 
variant also overexpresses p16. Another rare mixed tumor 
is the SCC, usual type, admixed with neuroendocrine areas.’ 
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Figure 14-52 W Hybrid carcinoma, mixed verrucous and 
usual type. This tumor shows, in addition to areas of verrucous car- 
cinoma (left), other less differentiated foci of squamous cell carci- 
noma of the usual type (right). These mixed tumors have a worse 
prognosis when compared with pure verrucous carcinoma. 


Adenosquamous Carcinoma 


Adenosquamous carcinoma is an exceedingly rare form of 
mixed carcinoma probably originating from misplaced glan- 
dular cells in the perimeatal region of the penis.'® Grossly, 
the lesions are large and indistinguishable from the usual 
variant of SCC. Cut sections show a firm and granular 
tumor deeply invading the corpus spongiosum or caverno- 
sum. Microscopically, these are biphasic tumors showing 
squamous cell and glandular differentiation (Fig. 14-54). 
The squamous component predominates in most cases. The 
glands are mucin producing and stain for CEA and with 
mucicarmine. PeIN is usually present in the adjacent epi- 
thelium. Adenosquamous carcinomas of the penis should be 


cells with marked koilocytic changes; the lower portion is predominantly basaloid. B: Warty and BCs are HPV-related neoplasms; therefore 
immunohistochemical stain for p16 usually shows diffuse expression in warty, basaloid, and warty/basaloid tumors. The latter is illustrated 
in this picture. 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


Figure 14-54 E Adenosquamous carcinoma. Biphasic squa- 
mous and glandular infiltrating carcinoma. Note the presence of 
perineural invasion. 


distinguished from the acantholytic SCC, adenosquamous 
(mucoepidermoid) carcinomas of the urethra,’ and adeno- 
carcinoma arising in Littre glands. 


Molecular Changes in Penile Carcinomas 


Molecular, immunohistochemical, and genetic studies sup- 
port the notion that penile cancer occurs through mecha- 
nisms both dependent and independent of HPV.'°’?!*§ The 
overall prevalence of HPV DNA detection in penile cancers 
is approximately 40% to 45%, and this figure is very simi- 
lar to that detected in vulvar carcinomas.* No significant 
differences in HPV prevalence were seen when comparing 
cases from the United States and Paraguay.” Although HPV 
reveals a remarkable plurality of different genotypes, only 
a limited number are associated with penile carcinomas. 
High-risk HPV-16 is by far the most frequent type associ- 
ated with penile cancer, followed by HPV-18. Tumor types 
that are significantly related to HPV include the warty and 
basaloid variants. It is believed that HPV infection by itself 
is insufficient to induce malignant transformation so that 
additional cellular changes are necessary in the tumorigenic 
process. Two viral oncoproteins, E6 and E7, appear crucial 
in the process of carcinogenesis. The HPV oncogenic prod- 
uct E6 interferes with the p53 pathway causing suppression 
of the p53 normal inhibitory function of the cell cycle.” 
The retinoblastoma protein (pRB) is a target of the viral 
oncoprotein E7; thus its inactivation appears to contrib- 
ute to carcinogenic events interfering with the pl6INK4a/ 
cyclinD/retinoblastoma pathway. Although E6 and E7 pro- 
teins may immortalize various types of human cells inde- 
pendently, their cooperative interaction leads to a substantial 
enhancement in immortalization efficiency. Several studies 
in cervix, vulvar, and penile cancers support the hypothesis 
that p16INK4a is a specific marker for cells that express the 
viral E6-E7 oncogenes.'*”!88 Since expression of pl6INK4a 
underlies a negative feedback control through pRB, the 
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enhanced expression of p16 is probably due to reduced or 
lost pRB function. Binding of HPV-E7 oncoprotein to pRb 
causes degradation of pRb with consequent loss of Rb-tumor 
suppressor function and p16 overexpression, which can be 
demonstrated immunohistochemically. Basaloid, warty, and 
warty—BCs show a significant overexpression of p16 when 
compared with HPV-unrelated variants (Fig. 14-53B).'* 
Interestingly, the precursor lesions of HPV-related tumors 
(basaloid, warty, and warty/basaloid PeIN) are also strongly 
positive for p16 (Fig. 14-34) while the majority of precursor 
lesions of HPV-unrelated tumors (differentiated PeIN and 
lichen sclerosus) do not express p16, further supporting the 
concept of a bimodal pathway of tumor progression. 

It is important to recognize that the majority (approxi- 
mately 55% to 60%) of penile cancers appear to be HPV- 
unrelated. There are data indicating that both HPV-related 
and -unrelated modes of p16INK4a cyclin D/Rb inactivation 
exist in penile carcinoma. The tumor suppressor gene Tp53 
and its functional protein product p53 are believed to be 
involved in the HPV-unrelated pathway of carcinogenesis as 
well. Taking into consideration that mutant p53 accumulates 
in the cells, several studies analyzing the expression of p53 in 
invasive penile carcinoma have been done. The overall expres- 
sion of the proteins varies between 40% and 89%. The 
evidence linking p53 expression and presence of HPV DNA 
in penile cancer is contradictory. Lam and Chan™ studied 
42 penile carcinomas for HPV and p53 protein status and 
found that all HPV-positive cases showed p53 immunostain- 
ing. However, several other reports have shown an inverse or 
negative relation between these two factors. In a recent study 
on verruciform tumors, we found p53 expression to be inde- 
pendent from p16 expression (therefore independent from 
high-risk HPV infection) and its expression was preferen- 
tially seen in less differentiated areas supporting the concept 
that p53 expression is a marker of worse prognosis. Lopes 
et al. showed that p53 expression was an independent pre- 
dictor of lymph node metastasis on multivariate analysis. 
Patients with p53-negative tumors had a significantly better 
overall survival. Overall outcome was significantly worse if 
tumors were positive for p53 and HPV DNA. In this study, 
patients who were HPV positive but p53 negative had the best 
survival rates. Patients who died of disease also expressed 
higher levels of p53. p53-negative tumors were associated 
with higher overall survival. It is important to keep in mind 
that overexpression of p53 does not necessarily indicate a 
p53 mutation. Castren et al. found absence of p53 mutations 
in benign and premalignant lesions that overexpressed p53 
by immunohistochemistry. These findings suggest that over- 
expression of p53 does not indicate a p53 mutation in these 
lesions and that p53 mutations are not important, or at least 
not early, events in male genital carcinogenesis.” 

Many other molecular markers have been investigated. 
Considering that p21 and p53 interplay in the regulation 
of the cell cycle, Lam and Chan analyzed the expression of 
both markers in penile carcinomas. p21 was found in 40% 
of invasive carcinomas and its expression was also seen in 
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the adjacent dysplastic epithelium. An inverse relationship 
between p21 and p53 was seen in 50% of the squamous cell 
carcinomas.’ Telomerase activity was found in 85% of 
invasive penile carcinomas, but also in over 80% of normal 
epithelium and corpus cavernosum.”™ Cytogenetic changes 
have been described, but none are characteristic.2°?!° 
Missense mutation in the c-RasHa codon 61 was found only 
in the second metastasis of a penile carcinoma with HPV-18. 
This suggests that changes in ras may be associated with 
late progression.*'! Up-regulation of COX-2 and prostaglan- 
din synthase 1 was shown in a small cohort of patients with 
penile cancer.?'? The use of DNA ploidy in penile cancer is 
controversial. Some studies found no prognostic significance 
and others found that diploid cancers had a better progno- 
sis than aneuploid tumors.*!*?'4 With the aim to explore the 
disease progression, Campos et al. analyzed E-cadherin 
(involved in intercellular adhesion) and matrix metallopro- 
teinases (MMP-2 and MMP-9; involved in breakdown of 
extracellular matrix) in 125 patients with penile cancer. They 
demonstrated that low E-cadherin immunoreactivity is asso- 
ciated with greater risk of lymph node metastasis and high 
MMP-9 expression appears to be an independent risk factor 
for disease recurrence.”'* 

A study of the MYC cytogenetic profile by fluorescence 
in situ hybridization found that MYC gains progressively 
increased during penile squamous cell carcinoma progres- 
sion from in situ samples to metastases.’ A recent study 
suggests that SOX2 amplification and consequent SOX2 
protein overexpression may represent important mecha- 
nisms of tumor initiation and progression in a considerable 
subset of SCCs, including penile carcinomas.?!” 

A clearer picture is slowly emerging from these reports, 
with most cases of penile SCCs following a different and yet- 
to-be-determined pathway involving p53,*'* whereas HPV is 
involved in the tumorigenesis of only a subset of penile car- 
cinomas, preferentially basaloid and warty carcinomas. 


Pathologic Factors Related to Prognosis 


Pathologic factors related to the presence of lymph node 
metastasis and prognosis in penile cancer are tumor loca- 
tion, tumor size, growth pattern, histologic type, histo- 
logic grade, depth of invasion, vascular invasion, and 
perineural invasion.?'??*° Tumors exclusively of the foreskin 
(Figs. 14-48 to 14-70) carry a better prognosis than those 
of the glans because low-grade and superficially invasive 
variants of SCC more frequently arise in the foreskin.®*!77?74 
There is a correlation between tumor pattern of growth and 
the presence of regional metastasis and survival.!°??5?° The 
incidence of metastasis in verruciform tumors is minimal. 
Mortality in patients with superficially spreading carcino- 
mas is 10%, compared with 67% for patients with vertical 
growth pattern.” If we exclude verruciform neoplasms (that 
tend to be large but well differentiated), there is a correlation 
between larger tumor size and metastasis. There is also a cor- 
relation between histologic type and regional metastasis and 


outcome.’ Metastasis and mortality in verrucous, papillary, 
and warty (condylomatous) carcinomas are rare. Basaloid 
and sarcomatoid carcinomas show a high rate of metasta- 
sis and mortality.” In a recent study of 333 patients with 
homogeneous surgical treatment we found that higher histo- 
logic grade, deeper anatomical infiltration, and vascular and 
perineural invasion were common findings in sarcomatoid, 
basaloid, and adenosquamous carcinoma cases, correlating 
with a higher rate of nodal metastasis and mortality. These 
features were unusual in verrucous, papillary, and warty 
carcinoma cases.** Taking into consideration the presence 
of nodal metastasis and mortality, we found that SCC can 
be divided into low-, intermediate-, and high-risk groups. 
Verrucous, papillary, and warty carcinomas are in the low- 
risk group for nodal metastasis, usual and mixed SCC fall in 
the intermediate-risk group, and sarcomatoid, basaloid, and 
adenosquamous belong to the high-risk group.*** The prog- 
nostic influence of HPV infection in patients with penile 
cancer is controversial and the evidence contradictory. A 
large series found that high-risk HPV-related cancers were 
associated with an overall better survival.” The histologic 
grade correlates with prognosis. A major study found an 
incidence of regional metastasis in 24%, 46%, and 82% 
of patients with well, moderate, and poorly differentiated 
tumors, respectively.” We have found that any proportion 
of grade 3 adversely affects prognosis.'** There is also a cor- 
relation between depth of tumor infiltration and presence of 
inguinal metastasis in penile SCC. Measurement of depth of 
tumor invasion in millimeters may be performed from the 
basement membrane of adjacent squamous epithelium to the 
deepest point of invasion.”' In cases of large destructive and 
bulky exophytic tumors, it may be more practical to mea- 
sure the thickness from the nonkeratinizing surface of the 
tumor to the deepest point of invasion. The evaluation of the 
anatomic levels of tumor invasion is valid for all cancers. 
The stage of the primary lesion in the current TNM system 
is based on anatomical levels of invasion (Tables 14-1 and 
14-2). Superficial neoplasms, especially those infiltrating 
only the lamina propria (<5 mm), have minimal to almost no 
risk of regional spread. The risk for metastasis increases in 
tumors infiltrating more than 5 mm and it is especially high 
when corpora cavernosa (glans) and dermis (foreskin) are 
affected. The limitation of this method is that corpus spon- 
giosum measures approximately 8 to 13 mm in depth and 
that the threshold for penile carcinoma metastasis is approxi- 
mately 4 to 6 mm in the corpus spongiosum, suggesting a 
necessary subdivision in superficial or deep corpus spon- 
giosum. The three statistically more important pathologic 
factors related to regional metastasis are histologic grade, 
depth of invasion, and vascular invasion. Because the com- 
bination of histologic grade and depth of invasion is thought 
to better predict metastasis and mortality,”’’* the use of a 
prognostic index has been proposed.” The prognostic index 
is measured from | to 6 and it results from the addition of 
the numerical values given to the histologic grade and ana- 
tomical level of invasion. The numerical values that are 


(c) 2015 Wolters Kluwer. All Rights Reserved. 


Table 14-1 TNM CLASSIFICATION OF 


CARCINOMAS OFTHE PENIS 


T—primary tumor 

TX primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis carcinoma in situ 

Ta Noninvasive verrucous carcinoma 

T1 Tumor invades subepithelial connective tissue 
(lamina propria) 

T2 Tumor invades corpus spongiosum or cavernosum 

T3 Tumor invades urethra or prostate 

T4 Tumor invades other adjacent structures 


N—Regional lymph nodes 

Regional lymph nodes cannot be assessed 

NO No regional lymph metastasis 

N1 Metastasis in a single superficial inguinal lymph node 
N2 Metastasis in multiple or bilateral superficial inguinal 
lymph nodes 

N3 Metastasis in deep inguinal or pelvic lymph nodes (s), 
unilateral or bilateral 

M—Distant metastasis 

MX Distant metastasis cannot be assessed 

MO No distant metastasis 

M1 Distant metastasis 


given to histologic grades are 1, 2, and 3 (for well, moder- 
ately, and poorly differentiated tumors) and anatomic level 
of invasion (1, 2, and 3; corresponding to lamina propria, 
corpus spongiosum, and corpus cavernosum in the glans and 
lamina propria, dartos and skin in the foreskin). When the 
sum of the two values is <3 (low index), tumors are usually 
associated with no mortality. Metastatic and mortality rates 
are high in patients with indexes of 5 and 6.” The behav- 
ior of tumors with intermediate prognostic indexes is more 
difficult to predict. We have recently demonstrated that peri- 
neural invasion is an independent parameter associated with 
regional metastasis.'* The single most important prognostic 
factor for overall outcome in penile carcinomas is nodal sta- 
tus. !8327229234 Patients with clinically node-negative disease 
have cancer-specific survival probabilities between 75% and 


Table 14-2 TNM STAGE GROUPING FOR 
PENILE CARCINOMAS 
Stage 0 is NO Mo 
Ta NO MO 
Stage | T1 NO Mo 
Stage II T1 N1 Mo 
T2 NO, N1 MO 
Stage III Ti, WZ N2 MO 
TS NO, N1, N2 MO 
Stage IV T4 Any N MO 
Any T N3 MO 
Any T Any N M1 
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93% and those with pathologically proven negative nodes 
have 5-year cancer-specific survival probabilities ranging 
from 85% to 100%. While patients with a single positive 
superficial lymph node on pathology have very good can- 
cer-related outcomes, patients with multiple involved lymph 
nodes have significantly less favorable outcomes.””’ 

An evaluation of clinical and pathologic variables using a 
nomogram was developed.” The selected factors were clini- 
cal stage of lymph nodes, microscopic growth pattern, grade, 
vascular invasion, and invasion of corpora spongiosa and 
cavernosa and urethra. The probability of nodal metastasis 
as predicted by the nomogram was close to the real incidence 
of metastasis observed at follow-up. A second nomogram to 
estimate predictions of survival at 5 years using the same 
clinical and pathologic factors gave similar results.”! More 
recently, a nomogram using perineural invasion and histo- 
logic grade as predictors of mortality in penile tumors 5 to 
10 mm thick was developed.'** In a recent study of a large 
number of cases, the overall metastasis rate was 24% and the 
10-year survival rate was 82%. The highest mortality rate 
was observed within the first 3 years of follow-up.” 


Local Spread 


Pathways of local tumor spread may be grossly or micro- 
scopically detected (Fig. 14-55). Penile tumors may spread 
from one mucosal compartment to the other. Typically, fore- 
skin carcinomas spread to skin of the shaft, coronal sulcus, 
or glans; carcinomas originating in the glans may spread 
to the coronal sulcus and foreskin. Penile SCC may spread 
horizontally and externally to skin of the shaft and internally 
to the proximal urethral margin of resection (Fig. 14-55). 
This centrifugal mode of spread is observed in superficially 
spreading carcinomas. The vertical spread may sequentially 
involve from surface to deep areas: (a) in the glans, lamina 
propria to corpus spongiosum, albuginea, and corpus cav- 
ernosum; (b) in the foreskin, lamina propria to dartos and 
outer skin; and (c) in the sulcus, lamina propria to fascia. 
This is the pattern of spread of vertical growth carcinoma. 
An important and underrecognized route of spread of penile 


Figure 14-55 W Local spread of squamous cell carcinoma. 
Diagram showing possible routes of local spread, from distal penis 
to shaft and urethral resection margins. The arrows and the green 
numbers indicate the different pathways. Abbreviations: CA, car- 
cinoma; GL, glans; F, foreskin; COS, coronal sulcus; TA, tunica 
albuginea; PF, penile fascia; U, urethra; CC, corpus cavernosum. 
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carcinomas is the penile fascia, a common site of positive 
surgical margin of resection.’ The fascial involvement in 
glans tumors is usually through the coronal sulcus. Tumor 
compromising fascia may secondarily penetrate into the 
corpora cavernosa via nutritional vessels and adipose tissue 
traversing the tunical albuginea (Fig. 14-7). It is not unusual 
to find rounded nodules of carcinoma separated from the 
main invasive tumor (“satellite” nodules) in penectomy or 
circumcision specimens of advanced tumors (Fig. 14-55). 
These are strong indicators of regional metastasis and poor 
outcome. Macroscopic evaluation and inclusion of the 
entire urethral resection margin for microscopic evaluation 
is crucial. In a series of partial penectomies for penile can- 
cer, urethral and periurethral tissues were found to be the 
second-most frequent sites of margin involvement. In this 
area corresponding to the urethra and periurethral cylinder 
(Fig. 14-6A—C), the tumor may compromise the urethral 
epithelium, lamina propria, periurethral corpus spongiosum, 
and fascia (Fig. 14-56). Lymphatic or perineural invasion 
may also be seen (Fig. 14-57). A pagetoid intraepithelial 
spread simulating Paget disease may be observed. In clini- 
cally more advanced cases, penile carcinomas may spread 
directly to inguinal, pubic, or scrotal skin and soft tissues. 
These cases are usually associated with poor prognosis. 
However, it is important to determine the tumor histologic 
type because occasionally, giant condylomata and verrucous 
or low-grade warty carcinomas (which are less aggressive, 
albeit locally destructive lesions) may spread in this pattern 
and yet have a good outcome. 


Regional and Systemic Spread 


Regionally, penile carcinoma disseminates to inguinal 
lymph nodes bilaterally. Rarely, skip metastases directly to 
deep inguinal or to pelvic nodes are found. The first site 
of metastasis is in the “sentinel” lymph node(s). Although 
originally thought to be in a constant anatomical loca- 
tion associated with the superficial epigastric vein in the 
superomedial quadrant of the inguinal field,'! later studies 


Figure 14-56 E Involvement of the urethral resection margin 
by squamous cell carcinoma. The epithelium is totally replaced by 
squamous cell carcinoma that infiltrates into the periurethral tissues. 


14-57 E Squamous cell carcinoma of the penis 
showing massive lymphovascular invasion at the urethral resection 
margin. Note the tumor emboli within lymphovascular spaces in 
urethral lamina propria. 


FIGURE 


found that anatomical variations exist in the position of the 
sentinel node(s).”*” Superficial inguinal lymph node dissec- 
tion remains the most common practice for ascertaining 
inguinal node status for select patients at high risk among 
most urologists.” Results from preoperative lymphoscin- 
tigraphy and dynamic sentinel node biopsy appear promis- 
ing.” There are studies suggesting that early detection 
of lymph node metastases by dynamic sentinel node biopsy 
and subsequent resection in clinically node-negative T2-3 
penile carcinoma improves survival compared with a pol- 
icy of surveillance.**° These techniques, however, are still 
in evolution and require further optimization at high-vol- 
ume centers.” Systemic dissemination of penile cancer 
may involve retroperitoneal nodes, the heart, lungs, bone, 
and liver. 


Handling of the Specimen with Penile 
Carcinoma 


Circumcision specimen: Describe the specimen and take 
measurements. Identify and describe the tumor. It is impor- 
tant to identify and ink the mucosal and cutaneous margins 
with different colors. Most SCCs arise from the mucosal sur- 
face of the foreskin; therefore, the coronal sulcus (mucosal) 
margin is especially important.’ Lightly stretch and pin the 
specimen to a cardboard. Fix for several hours in formalin. 
Cut vertically the whole specimen labeling from 1 to 12, 
clockwise.” 

Penectomy specimen: Take measurements, describe spec- 
imen, and identify and describe tumor. Most SCCs of the 
penis arise from the epithelium of the distal portion of the 
organ (glans, coronal sulcus, and mucosal surface of the 
prepuce; the tumor may involve one or more of these ana- 
tomical compartments).?”"’ If present, classify the foreskin 
as short, medium, long, and/or phimotic.’ Cut the proximal 
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margin of resection en face, making sure to include the 
entire circumference of the urethra (Figs. 14-4, 14-6A and 
B). If the urethra has retracted, it is important to identify its 
resection margin and submit it entirely. The resection mar- 
gin can be divided in three important areas that need to be 
analyzed: the skin of the shaft with underlying dartos and 
penile fascia; corpora cavernosa with albuginea; and urethra 
with periurethral cylinder that includes the lamina propria, 
corpus spongiosum, albuginea, and penile fascia (Figs. 14-4 
and 14-6A—C). The urethra and periurethral cylinder can 
be placed in one cassette. The skin of the shaft with dartos 
and fascia can be included together with the corpora cav- 
ernosa. Because this is a large specimen, it may need to be 
included in several cassettes to include the entire resection 
margin. Fix the rest of the specimen overnight. Then, in the 
fixed state and if the tumor is large and involves most of the 
glans, cut longitudinally and centrally using the meatus and 
the proximal urethra as reference points (Fig. 14-3). Do not 
probe the urethra. Separate the specimen in two halves: left 
and right. Then cut two to six serial sections of each half. If 
the tumor is small and asymmetrically located in the dorsal 
or ventral area, the central portion of the tumor may be used 
as the axis of sectioning. If the tumor is large involving mul- 
tiple sites (glans, sulcus, and foreskin), it is important not to 
remove the foreskin leaving the entire specimen intact for 
sectioning. 

In cases of small carcinomas exclusively located in the 
glans with no foreskin involvement, one may choose to 
remove the foreskin leaving a 3-mm redundant edge around 
the sulcus. Proceed cutting the foreskin as indicated for cir- 
cumcision specimens. Even if the primary tumor is located 
in the glans, submit the foreskin serially and in an orderly 
fashion labeled from 1 to 12 clockwise. The rest of the 
penectomy specimen should be handled as described above. 


OTHER RARE EPITHELIAL TUMORS | 


Giant Condyloma Acuminatum 


Giant condylomata are rare, benign, exuberant exophytic 
condylomata that reach large sizes after many years of neglect 
(Box 14-4). Like common condylomata, they are preferen- 
tially associated with HPV-6 and -11. They tend to affect 
patients slightly older than those with common condylomata. 
Giant condylomata frequently affect the coronal sulcus and 
the foreskin, but the glans can also be involved. Grossly, they 
are large (usually more than 5 cm), unicentric, cauliflower- 
like, verruciform tumors with cobblestone surfaces. The cut 
surface shows a papillomatous surface and bulbous deep 
borders with a sharp separation from the underlying stroma. 
The tumor tends to show deeper penetration into subjacent 
structures than common condyloma. Microscopic features 
are identical to the common condyloma acuminatum, with 
arborescent papillae showing prominent fibrovascular cores 
with surface koilocytosis (Fig. 14-58). Giant condylomata, 
however, tend to show a more exuberant growth and the 
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Figure 14-58 W Giant condyloma. Microscopic features are 
identical to the common condyloma acuminatum, with arbores- 
cent papillae showing prominent fibrovascular cores with surface 
koilocytosis. 


base with bulbous expansion into underlying tissues, often 
with a burrowing pattern. No atypia is seen in these deep 
areas. The differential diagnosis includes other verruciform 
tumors such as warty (condylomatous) carcinoma, verru- 
cous carcinoma, and papillary carcinoma. Warty carcinoma 
is a clearly malignant neoplasm showing pleomorphic cyto- 
logic features and often infiltrative deep borders. Verrucous 
carcinoma is characterized by acanthotic papillae with thin 
fibrovascular cores and no evidence of koilocytosis. HPV 
studies are negative in most cases of verrucous carcinoma. 
Papillary carcinoma is a non—HPV-related tumor; therefore 
koilocytosis is not present and the deep borders tend to be 
jagged and irregular. 

In our experience, small foci of frank SCC can be found 
in at least a fourth of these giant condylomata; therefore, 
extensive sampling and a high level of suspicion is advised 
when dealing with large and deep lesions. We avoid the term 
Buschke-Léwenstein tumor because it has been used for 
several different verruciform tumors, including benign and 
malignant ones.’ 


Basal Cell Carcinoma 


Basal cell carcinomas arise on the skin of the shaft and in 
general show no metastatic potential.**>° They are identical 
to basal cell carcinomas of the skin elsewhere (Fig. 14-59) 
and should be distinguished from BCs, a high-grade deeply 
invasive squamous cell carcinoma arising from the mucosal 
surfaces. Basal cell carcinomas arise from the skin surface 
of the penis, are not associated with HPV, and have locally 
aggressive potential. 


Merkel Cell Carcinoma 


Merkel cell carcinoma of the penis is exceptional but has 
been described. The histopathologic and immunohistochem- 
ical features are similar to those seen in other locations.”*! 
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FiGurRE 14-59 W Basal cell carcinoma from the skin of the 
shaft. The lesion shows identical features to cutaneous basal cell 
carcinoma in nongenital locations. 


CYSTS 


Benign epidermoid and dermoid cysts have been described 
in the literature. The histopathologic features are similar to 
those seen in other locations.” 


ADNEXAL CYSTS AND TUMORS 


Benign adnexal cysts and tumors such as hidrocystomas 
and syringomas have been reported.” Syringomas are 
appendageal tumors exhibiting features of eccrine differ- 
entiation that may be single or multiple. Histologically, 
they are characterized by a proliferation of small 
comma-shaped ducts, the walls of which are lined by two 
rows of epithelial cells, embedded in a fibrous stroma 
(Fig. 14-60).7°°57 Sebaceous gland hyperplasia and a 


Figure 14-60 W Syringoma. Histologically, the lesion is 
characterized by a proliferation of small comma-shaped ducts, the 
walls of which are lined by two rows of epithelial cells, embedded 
in a fibrous stroma. 


rare adnexal tumor with composite ductal and follicular 
differentiation have also been described.***?? 


Paget Disease 


Extramammary Paget disease affecting the penis can be 
classified as primary and secondary. Primary Paget disease 
can be confined to the epidermis or may be associated with 
an underlying sweat gland adenocarcinoma.??” Dermal 
invasion from a predominantly epidermal lesion can also be 
seen. Secondary Paget disease usually represents an exten- 
sion from a urethral or bladder carcinoma.”°*® Primary 
Paget disease may rarely show an exclusively penile loca- 
tion. Most frequently, however, it involves the skin of the 
shaft as part of a more extensive scrotal, inguinal, perineal, 
or perianal lesion. Secondary Paget disease tends to affect 
the glans and especially the perimeatal region.”°*?® 
Typically, patients are in the sixth or seventh decade and 
present with thickened red, pale plaques with scaling or 
oozing. Microscopically, there is an intraepithelial prolif- 
eration of large atypical cells with abundant pale cytoplasm 
(Fig. 14-61A). Nuclei are vesicular and nucleoli prominent. 
These cells may extend to the epithelium of adnexal struc- 
tures. Such in situ lesions have a favorable prognosis when 
completely excised. The prognosis is more serious in cases 
in which Paget cells invade the dermis from the epidermis 
or from an underlying sweat gland carcinoma.”” Primary 
Paget disease should be distinguished from squamous cell 
carcinoma in situ with pagetoid pattern, pagetoid exten- 
sion at the periphery of an invasive squamous cell carci- 
noma, secondary extension from urothelial and anal/rectal 
carcinomas, and melanoma in situ. Clear cell papulosis,” 
pagetoid dyskeratosis,”°’ and mucinous metaplasia” should 
also be ruled out. Primary Paget disease is usually posi- 
tive for mucins (Fig. 14-61B).”° Immunohistochemically, 
primary Paget disease characteristically expresses CEA, 
low molecular weight cytokeratins, especially cytokeratin 7 
(Fig. 14-79B), and CAM 5.2, EMA, MUC1, and GCDFP15 
and is negative for CK20.°”°7! Secondary Paget disease 
associated with urothelial carcinoma usually expresses both 
cytokeratin 20 and cytokeratin 7 and is negative for CEA.”” 
The expression of uroplakin III would support Paget disease 
secondary to urothelial carcinoma.?” A recent publication 
in the vulvar literature suggests that p63 is positive in Paget 
disease secondary to urothelial carcinoma and negative in 
primary Paget disease of the vulva.?% Similar analysis in 
penile lesions and in a larger series would be necessary to 
confirm the utility of this marker. Another possible scenario 
would be the extension to the penis from a perianal lesion 
of Paget disease. Such lesions may be primary (having the 
same immunohistochemical profile described in primary 
penile lesions) or associated with an anal/rectal adenocar- 
cinoma. Paget disease secondary to anal/rectal carcinomas 
usually expresses CK20 and CEA and shows a variable (most 
frequently negative) expression of CK7. GCDFP1S5 is nega- 
tive in such cases. Some studies suggest that the expression 
of CDX-2 by Paget cells would be another strong indicator 
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tic cells are positive with mucicarmine stain. 


of an associated synchronous or metachronous anal/rectal 
malignancy.’”?”> Squamous cell carcinoma in situ is usu- 
ally negative for mucicarmine, CEA, GCDFP15, CK 7, and 
CK20 and positive for high molecular weight keratins and 
p63. The lack of expression of melanocytic markers (such 
as S100 and Melan-A) in Paget disease (primary and sec- 
ondary) will allow the distinction from melanoma in situ. 


Clear Cell Carcinoma 


A series of five penile clear cell carcinomas likely of 
sweat gland origin was recently described.’” The reported 
cases affected the inner side of the foreskin of middle- 
aged men. They were large, exophytic, partly ulcerated, 
and widely invasive tumors with sharp demarcation from 
the surrounding normal tissues. Histologically, they were 
composed of large clear cells with intracytoplasmic 
PAS-D-positive material and showed extensive lymphatic 
and blood vessel invasion (Fig. 14-62). The neoplastic 


FIGURE 
tumor composed of clear cells arranged in large nests and trabecu- 
lar structures. (Courtesy of S. Regauer, Medical University Graz.) 
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Figure 14-61 Œ Paget disease. A: Intraepithelial proliferation of large atypical (pagetoid) cells with pale cytoplasm. B: The neoplas- 
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cells were positive for cytokeratins, MUC-1, EMA, and 
CEA. All patients had extensive inguinal lymph node 
metastases. One of the patients died of metastatic dis- 
ease. The histologic and immunohistochemical features as 
well as the occasional presence of an in situ component 
in the eccrine ducts support a sweat gland differentiation. 
Distinction of sweat gland clear cell carcinomas from ordi- 
nary SCC of the penis is important because of a potentially 
more aggressive course of sweat gland clear cell carcino- 
mas. It is important to keep in mind that SCCs can show 
prominent clear cell changes. We have seen more than a 
few cases mainly composed of clear cells. These clear cell 
features are usually associated with warty carcinomas. 
The differential diagnosis of penile clear cell carcinomas 
includes metastatic renal cell carcinoma and extension of 
a urothelial clear cell carcinoma. 


PIGMENTARY AND MELANOCYTIC DISORDERS 


Penile Melanosis 


Also called melanotic macules or genital lentiginosis, 
this condition is clinically characterized by large and pig- 
mented macules that may be multifocal and show irregu- 
lar borders. They may affect the glans and foreskin.” 
Histologically, there are basal layer hyperpigmentation, 
slight melanocytic hyperplasia, epithelial hyperplasia, and 
stromal melanophages.”” No cytologic atypia of melano- 
cytes should be detectable. It is considered a benign con- 
dition; however, the available information is insufficient 
to predict the natural history of genital lentiginosis or its 
relation to mucocutaneous melanoma.” 


Malignant Melanoma 


Penile malignant melanoma is rare and mainly localized in 
the glans (Fig. 14-63).?”*! Although classically associated 
with a poor prognosis, there is a recent study suggesting that 
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the prognosis of primary mucosal penile melanoma is not 
worse than that for cutaneous melanoma with comparable 
tumor thickness.’ Presence of ulceration, tumor depth of 
3.5 mm or more, and tumor diameter >15 mm had a signifi- 
cantly adverse effect on prognosis.”*! In two separate studies, 
all patients with nodal and/or distant metastases at presenta- 
tion died of the disease.”*°?8! Melanoma in situ can mimic 
Paget disease; the demonstration of immunohistochemical 
expression of melanocytic markers (i.e., S100, HMB-45, 
Melan-A) may be necessary to make the correct diagnosis 
in such difficult cases. 


SOFT TISSUE TUMORS | 


Although rare, there are a great variety of benign and 
malignant penile soft tissue tumors that can be broadly 
classified as superficial and deep according to their loca- 
tion.**?83 The most common benign soft tissue tumors that 
affect the penis are vascular neoplasms such as hemangio- 
mas (including epithelioid hemangiomas), angiokeratomas 
(Fig. 14-80), and lymphangiomas.***?8? Glomus tumors 
and vascular malformations have also been described.**** 
The histopathologic appearance of these lesions is similar 
to that seen at any other location. Multiple angiokerato- 
mas may be seen associated with Fabry disease and other 
more rare genetic enzymatic deficiencies. Myointimoma is 
an unusual but distinct vascular/myointimal benign tumor 
characteristically affecting the corpus spongiosum of the 
glans. Histologically, the lesion shows a peculiar myointi- 
mal proliferation of the preexisting vascular spaces of the 
corpus spongiosum, creating a multinodular/plexiform 
architecture.?°**' Benign tumors of neural (e.g., neuro- 
fibromas, granular cell tumors),”*°” myoid (e.g., leio- 
myomas),”* and fibrous (e.g., dermatofibromas)*” origin 
can also be seen. The most frequent malignant penile 
soft tissue tumors are leiomyosarcoma and vascular 


Figure 14-64 E Leiomyosarcoma. Total penectomy specimen 
with a large and deeply located mass in the proximal portion of penile 
shaft. The tumor replaces the corpora cavernosa. 


neoplasms.**3?°7 3°! Leiomyosarcomas can be classified as 
superficial and deep. The latter, usually affecting deep 
structures of the penile shaft, are associated with a worse 
prognosis (Fig. 14-64). Superficial lesions tend to be indo- 
lent and cured by complete wide excision. Tumors with a 
deep-seated component may require more aggressive inter- 
vention to ensure complete removal. Leiomyosarcomas 
are composed of smooth muscle cells with both cytologic 
atypia and mitotic activity. Immunoreactivity for smooth 
muscle action, desmin, and calponin is characteristic. The 
best predictors of outcome are tumor depth and tumor 
size.°! The most commonly found vascular sarcomas 
include Kaposi sarcoma, epithelioid hemangioendothe- 
lioma, and angiosarcoma.”**°73°?-3°7 Kaposi sarcoma may 
affect the penis in the setting of multiple disseminated 
lesions, especially in AIDS patients.’ Cases limited to 
the penis or affecting immunocompetent patients are rare 
but have been described.*°*°’ The most common location 
appears to be the glans. Histologically, Kaposi sarcoma 
shows features similar to those described in other locations. 
Early lesions may be subtle and mimic benign angiomas. 
Well-established lesions show the characteristic spindle 
cell proliferation admixed with slit-like vascular spaces, 
extravasated erythrocytes, and hemosiderin deposition 
(Fig. 14-65A). Immunohistochemistry for human herpes 
virus-8 (HHV-8) is now available and is helpful in confirming 
the diagnosis (Fig. 14-65B). Epithelioid hemangioendothe- 
lioma is considered a low-grade malignant tumor that rarely 
may affect the penis and can recur or even metastasize 3°35 
Epithelioid hemangioendothelioma is often multifocal 
and shows a lobulated pattern of growth. Histologically, 
the neoplastic cells have abundant eosinophilic cytoplasm 
with frequent intracytoplasmic vacuoles (Fig. 14-66A). 
The neoplastic cells are often arranged in cords that may 
be seen embedded in a hyalinized or chondroid stroma. 
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Kaposi sarcoma. A: There is a spindle cell proliferation admixed with slit-like vascular spaces, extravasated eryth- 


rocytes, and hemosiderin deposition. B: Immunohistochemistry for HHV-8 is helpful to confirm the diagnosis. 


An angiocentric pattern that may be occlusive has been 
described.*"° Immunohistochemically, the neoplastic cells 
express vascular markers such as CD31, CD34, and factor 
VIII (Fig. 14-66B). Occasionally, they may express kera- 
tins and smooth muscle actin.*!® Epithelioid hemangioen- 
dotheliomas should be distinguished from another sarcoma 
with epithelioid features that may also affect the penis, the 
epithelioid sarcoma.*!'*"? Lesions in this more proximal 
location tend to have a different morphology from con- 
ventional epithelioid sarcomas and are especially aggres- 
sive.’!? Proximal type of epithelioid sarcomas show a more 
sheet-like growth and large, epithelioid tumor cells with 
large vesicular nuclei and rhabdoid features (Fig. 14-67). 
Areas of necrosis are frequent.’ The conventional form of 


FiGURE 14-66 


epithelioid sarcoma, which is composed of a monotonous 
population of eosinophilic cells with epithelioid or spindle 
shapes often surrounding geographic foci of necrosis, may 
also be seen in this location. Immunohistochemically, epi- 
thelioid sarcoma shows consistent positivity for keratin, 
vimentin, and EMA. Around half of the cases also express 
CD34. Other malignant soft tissue neoplasms reported 
are rhabdomyosarcoma,*!*3"* malignant  fibrohistiocy- 
toma,*> clear cell sarcoma,*!® dermatofibrosarcoma protu- 
berans,*!’ and fibrosarcoma.*'* Correctly diagnosing penile 
soft tissue tumors is important, because the biologic behav- 
ior and the clinical management of these neoplasms vary 
considerably.” Distinguishing sarcomas from sarcomatoid 
carcinoma and melanoma is particularly important.” 


tumors affecting the foreskin. The neoplastic cells are arranged in cords that are embedded in a hyalinized stroma. Note the abundant eosinophilic 
cytoplasm with frequent intracytoplasmic vacuoles. B: Immunohistochemically, the neoplastic cells express CD34. (Courtesy of Dr. CD Fletcher, 
Brigham and Women’s Hospital and Harvard Medical School, Boston, USA.) 
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Figure 14-67 WE Epithelioid sarcoma, proximal type. There are 
sheet-like aggregates of large, epithelioid tumor cells with large vesic- 
ular nuclei and foci of necrosis. (Courtesy of Dr. CD Fletcher, Brigham 
and Women’s Hospital and Harvard Medical School, Boston, USA.) 


LYMPHOPROLIFERATIVE AND OTHER 
HEMATOPOIETIC DISORDERS 


Lymphomas of the penis are very rare and may be observed 
as a primary lesion or a secondary involvement of the organ 
in the setting of a systemic disease.’ Priapism, a urologic 
emergency, may be seen in leukemic patients.’ Histiocytic 
disorders have been reported, but they are rare.*?”>”° 


METASTATIC TUMORS TO THE PENIS 


Although the penis is a highly vascularized organ, metastatic 
lesions to the penis are rare.?””33033 When encountered, the 
primary site is most frequently of pelvic origin; the most com- 
mon primary site is the prostate, followed by the rectosigmoid 
colon, bladder, and kidney.**°**° Among prostate carcinomas, 
the ductal-endometrioid variant appears to be the more prone 
to develop penile metastasis.” Less common primary sites 
include the testis, ureter, and other nonpelvic organs such as 
lung, stomach, pancreas, nasopharynx, and bone.???337:338 

The most common location of the metastatic lesions is 
the corpus cavernosum.””’ The clinical presentation is that 
of multiple, palpable nodules that may ulcerate. A promi- 
nent clinical feature of metastatic carcinoma is the so-called 
malignant priapism, caused by massive replacement of the 
corpora cavernosa by the neoplasm.’ 


THE SCROTUM 


Normal Anatomy and Histology 


The scrotum originates from the genital swellings that meet 
ventral to the anus and unite to form the two scrotal sacs. A 
median raphe of fibrovascular connective tissue separates both 


Figure 14-68 E The surface of the scrotum is divided into 
right and left halves by a cutaneous raphe (R) that continues ven- 
trally to the inferior penile surface and dorsally along the midline 
of the perineum to the anus. The scrotum contains the testes (T) and 
the lower parts of the spermatic cords. 


halves.' The scrotum contains the testes and the lower parts 
of the spermatic cords.’ The surface of the scrotum is divided 
into right and left halves by a cutaneous raphe that contin- 
ues ventrally to the inferior penile surface and dorsally along 
the midline of the perineum to the anus (Fig. 14-68). The 
left side of the scrotum is usually lower because of the greater 
length of the left spermatic cord. The anatomical layers of the 
scrotum are the skin, dartos muscle, and external spermatic, 
cremasteric, and internal spermatic fascia (Fig. 14-69A). The 
internal fascia is loosely attached to the parietal layer of the 
tunica vaginalis. The skin is composed of the epidermis and 
dermis. The dermis contains hair follicles and sebaceous, 
eccrine, and apocrine glands. There is not well-formed subcu- 
taneous tissue at this level; however, scattered adipocytes may 
be seen in the deep dermis. The dermis merges imperceptibly 
with the dartos tunic where there are numerous smooth muscle 
bundles embedded in loose connective tissue (Fig. 14-69B).? 

The vascular supply of the scrotum derives from the exter- 
nal and internal pudendal arteries. Additional blood comes 
to the scrotum from the cremasteric and testicular arteries. 
The scrotal lymphatic drainage is to the superficial inguinal 
lymph nodes.*“° There is free communication between the 
superficial lymphatic network on both sides of the scrotum 
and the median raphe does not act as a barrier.*4!>” 
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dartos. B: The dartos tunic is composed of numerous smooth muscle bundles embedded in loose connective tissue. 


Congenital Anomalies 


Penoscrotal transposition is an anomaly frequently associated 
with other congenital abnormalities especially hypospadias. It 
results from incomplete migration of the inferomedial labio- 
scrotal swelling. This condition has been termed bifid scrotum, 
doughnut scrotum, prepenile scrotum, and shawl scrotum. In 
complete transposition, the penis lies entirely behind the scro- 
tum. In less severe forms, the penis may appear to arise from 
the center of the scrotum or be enveloped by the scrotum.'”'8 
Ectopic scrotum is very uncommon and usually occurs 
in the presence of severe colloquial exstrophy. Occasionally 
ectopic scrotal tissue can be found in a child with otherwise 
normal genitalia. The ectopic scrotal tissue is usually located 
in the inner thigh or near the external inguinal ring. Typically 
the ipsilateral testicle lies within the ectopic scrotum.'7'® 


NONNEOPLASTIC CONDITIONS | 


Scabies 


Scabies is the infestation with the itch mite, S. scabiei var 
humanus (Fig. 14-19).7!3738 The disease is found worldwide, 
in all races and in all age groups.” It is transmitted by close 
skin-to-skin contact. The penis and scrotum are commonly 
affected in addition to web spaces, fingers, wrists, elbows, 
and axillary folds. The characteristics of the parasite as well 
as histologic findings were described in the penile section. 


Trichomycosis 


Despite its name, trichomycosis is a superficial bacterial colo- 
nization of the hair shafts in sweat gland—bearing areas such 
as the axillae, pubis, and scrotum.?!?7283738343 Tt is caused 
by the genus Corynebacteria (mostly C. tenuis). The condi- 
tion typically is asymptomatic; however, patients may com- 
plain of malodorous sweat. Clinically, there are 1- to 2-mm 


yellow, red (and less often black) granular concretions (minute 
nodules) that adhere firmly to the hair shaft. The exact origin 
of the cement substance that creates the grossly visible nod- 
ules is debated. Some studies favor origin from the causative 
agents, while others have favored elaboration from apocrine 
sweat.?!834 The actual nidus may be through the modification 
of apocrine sweat by elaborated cement substance to create the 
insoluble material that holds bacteria to the hair shaft. Under 
the microscope, an amorphous thick material can be appreci- 
ated surrounding and attached to the hair shaft (Fig. 14-70A). 
Admixed with this amorphous material are long, slender 
Gram-positive rods (Fig. 14-70B). The bacteria may invade 
and destroy the cuticle of the hair shaft (Fig. 14-70A). 
Differential diagnosis includes pediculosis (the minute nod- 
ules of Corynebacteria may be confused with nits), black pie- 
dra, and white piedra. Black piedra is a fungal infection of the 
hair shaft caused by Piedraia hortae, an ascomycetous fungus 
forming hard black nodules on the shafts of the scalp, beard, 
moustache, and pubic hair. White piedra (or tinea blanca) is 
a mycosis of the hair associated with Trichosporon beigelii 
and it is characterized by nodules composed of hyphae that 
encircle the hair shaft. Distinction from white piedra may be 
more difficult and some cases appear to be the result of a syn- 
ergistic interaction between Corynebacteria and T. beigelii.**° 


Fournier Gangrene 


Fournier gangrene is a necrotizing fasciitis of the genitals and 
perineum that particularly affects the scrotum.””° It tends to 
be a polymicrobial infection caused by a mixture of aerobic 
and anaerobic organisms. The source of the infection may be 
colorectal, urologic, and cutaneous. It begins as painful reddish 
plaques with necrosis and is accompanied by systemic symp- 
toms including fever. The scrotum becomes edematous and 
the lesions progress to form blisters. Scrotal emphysema and 
frank gangrenous necrosis follow. The key pathophysiologic 
event is thought to be thrombosis of the small vessels, known 
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Figure 14-70 E Trichomycosis; Gram stain (A) Under the microscope, an amorphous thick material can be seen surrounding and 
attached to the hair shaft. Note how the bacteria invaded and destroyed the cuticle of the hair shaft. B: Higher-power view to illustrate the 


slender Gram-positive rods admixed with the amorphous material. 


as obliterative endarteritis.”°° Fournier gangrene is a serious 
and life-threatening condition.” Predisposing factors include 
diabetes mellitus, immunosuppression, contaminated genito- 
urinary trauma, lower urinary tract instrumentation, and sep- 
tic injection into the penile vein. 


Lichen Simplex Chronicus/Prurigo Nodularis 


Lichen simplex chronicus is characterized by the develop- 
ment of localized thickened scaly patches or plaques second- 
ary to persistent scratching in patients who usually do not 
have an underlying dermatologic condition.*”** The clinico- 
pathologic features are similar in the penis and scrotum and 
were described in the penile section (Fig. 14-71). 


Acantholytic Dermatosis of the Genitocrural Area 


This distinct acantholytic eruption of the genital/perineal 
area including the scrotum has been described in the penile 
section.>*”! 


Figure 14-71 W Lichen simplex chronicus/prurigo nodu- 
laris of the scrotum. There is irregular epidermal hyperplasia with 
hypergranulosis, hyperkeratosis, and minimal dermal inflammatory 


infiltrate associated with dermal fibrosis. 


Hidradenitis Suppurativa 


Hidradenitis suppurativa is a chronic relapsing suppurative 
inflammatory process.*“°347 The precise pathogenesis is 
not well understood, but it seems likely that in most cases, 
follicular occlusion with formation of acne-like lesions is the 
primary event.’ The preferential anatomic distribution of 
the lesions in areas containing apocrine glands supports the 
concept of an underlying apocrine gland defect. Clinically, 
the lesion starts as a firm painful nodule that may discharge 
foul-smelling pus and slowly involute. The lesions tend to 
recur and may progress to form indurated plaques and nod- 
ules associated with marked scarring and numerous sinus 
tracts. Secondary bacterial infection perpetuates the process. 
Histologically, keratin plugging of dilated hair follicles is 
regularly seen. This may be accompanied by acute inflam- 
mation of the associated apocrine glands in early lesions. 
Well-established lesions show sinus tracts with marked 
suppuration and abscess formation, lined by a mixture of 
squamous epithelium and granulation tissue (Fig. 14-72). The 
squamous epithelium lining the sinuses extends from adja- 
cent follicular structures. These sinuses contain keratin and 
sometimes hair shafts. They are surrounded by marked fibro- 
sis and acute and chronic inflammation including giant cell 
reaction to the keratin material. At this stage, apocrine glands 
are no longer identified in the scarred and inflamed area.’ 


Scrotal Calcinosis 


Scrotal calcinosis is an uncommon condition characterized 
by single or multiple hard nodules that vary in size from a 
few millimeters to few centimeters.*”*****°>! These nodules 
may break down to discharge a chalky material.** Rarely 
lesions may be polypoid. It usually affects young adults, but 
it may also be seen in children and elderly patients. 
Although originally considered an idiopathic condition, it 
is now accepted that the vast majority of cases develop from 
dystrophic calcification of cysts’ contents (including epi- 
dermoid cysts, adnexal cysts, and cystically dilated eccrine 
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Figure 14-72 W Hidradenitis suppurativa. Dilated hair fol- 
licles forming sinus tracts containing keratin material and inflam- 
matory debris. Within the dermis, there is fibrosis and chronic and 
acute inflammation with abscess formation. 


ducts).3**4*5! Histologically, the epidermis is usually intact 
or less frequently ulcerated. The process is located within 
the dermis and may extend to the dartos. It is character- 
ized by granular and globular deposition of hematoxylino- 
philic purple calcified material. A giant cell granulomatous 
inflammatory response may be associated with the deposits 
(Fig. 14-73). Sometimes, histologic remnants of the preex- 
isting epidermoid cyst or even more rarely a partially cystic 
adnexal tumor (e.g., syringoma) may be identified. 


Sclerosing Lipogranuloma 


Sclerosing lipogranuloma, also known as paraffinoma, may 
involve the penis or scrotum.®>”°7*>? It is usually secondary 
to the injection or less frequently topical application of 
oil-based substances such as paraffin, silicone, oil, or wax 
for cosmetic or therapeutic purposes. Rarely, they may also 


Figure 14-73 Œ Scrotal calcinosis. Underneath an intact 
epidermis, there is granular deposition of an amorphous purple 
calcified material. These calcified deposits are surrounded by a pali- 
sading histiocytic reaction. 
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be related to cold weather or trauma. Most cases are seen in 
patients younger than 40 years who present with an indurated 
and sometimes tender plaque or mass that varies in size from 
a few centimeters to massive replacement of the scrotum. 
Biopsy is necessary to exclude a neoplasm, especially if there 
is no history of injection or exogenous material. Grossly, the 
specimen consists of firm yellow to gray/white pieces of tis- 
sue with a solid or multicystic appearance. Microscopically, 
sclerosing lipogranulomas are characterized by numer- 
ous lipid vacuoles of variable size embedded in a sclerotic 
stroma (Fig. 14-74). There is also an infiltrate of foamy his- 
tiocytes and a variable amount of multinucleated giant cells, 
lymphoid cells, and eosinophils. The inflammatory infiltrate 
may be nodular or interspersed in the sclerotic stroma. The 
diagnosis is usually not difficult especially when there is a 
good clinical history. If necessary, sections from frozen tis- 
sue showing a positive staining with oil red O can be help- 
ful. Immunohistochemical studies have shown expression of 
lysozyme, alpha-l-antitrypsin, alpha-1l-antichymotrypsin, 
KP-1, and CD68 by multinucleated giant cells and epithe- 
lioid histiocytes.” Most of the lymphocytes infiltrating 
the lesions are T cells associated with some S-100-positive 
dendritic cells. T-cell-mediated immune reaction appears 
to be important in the histogenesis of sclerosing lipogran- 
uloma.**? The differential diagnosis includes liposarcoma 
(Fig. 14-83A and B), metastatic carcinoma, adenomatoid 
tumor, and lymphangioma. The presence of a foreign body 
giant cell reaction and foamy histiocytes helps to distinguish 
this condition from liposarcoma. Immunohistochemistry for 
epithelial and vascular markers may be helpful to distinguish 
it from carcinomas and lymphangiomas, respectively. 


Fat Necrosis 


Fat necrosis of the scrotum presents as firm nodules in the 
lower portion of the scrotal wall.’ Most cases affect children 
and adolescents, and the lesions are often bilateral. The lesion 


Figure 14-74 E Sclerosing lipogranuloma. There are numer- 
ous lipid vacuoles of variable size embedded in a sclerotic stroma 
where there are foamy histiocytes. 
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Figure 14-75 W Epidermal inclusion cyst. Microscopically, 
the lesion is lined by a keratinizing squamous epithelium with gran- 
ular layer and contains abundant keratin material. 


may develop when scrotal fat crystallizes following exposure 
to cold. Biopsies are exceptional since the lesion has specific 
imaging features and the ultrasound appearance combined 
with the characteristic clinical presentation can confirm the 
diagnosis.” 


Epidermal Inclusion Cyst 


Epidermal inclusion cysts are common in the scrotum and 
they present as single or multiple firm rubbery intradermal 
or subdermal nodules. Grossly, they contain a characteris- 
tic gray-white cheesy material.” Microscopically, they are 
lined by a keratinizing squamous epithelium with granular 
layer and contain abundant keratin (Fig. 14-75). 


Verruciform Xanthoma 


Verruciform xanthomas occur most commonly in the oral 
mucosa followed by genital areas (scrotum and penis).3738357 
Trauma is probably the triggering event. The importance of 
verruciform xanthoma is that it may be clinically confused 
with condyloma. Microscopically, the low-power view is 
also similar to that of a wart (Fig. 14-76A), and this may 
be misleading. There is marked acanthosis with a papil- 
lomatous surface and marked elongation and thinning of 
the dermal papillae. The clue to the diagnosis is the pres- 
ence of the characteristic foamy to granular xanthomatous 
histiocytes within the dermal papillae (Fig. 14-76B). The 
blood vessels at the base of the lesion appear prominent. 
Another helpful feature is the presence of prominent (usu- 
ally orange) parakeratosis and superficial keratinocytic 
necrosis admixed with neutrophils (Fig. 14-76B). Candidal 
hyphae and bacteria may be found in this thick parakera- 
totic layer. An unusual scrotal case associated with HPV-6 
has been described.*** 


Condyloma Acuminatum 


Condyloma acuminatum may affect the scrotum showing 
identical gross and microscopic features as penile condylo- 
mata and it was discussed in the penile section (Figs. 14-13 
to 14-15).°°° Giant condylomata acuminata may also affect 
the scrotum.’ 


EPITHELIAL NEOPLASMS 


Neoplastic lesions of the scrotum including benign and 
malignant are rare. 


DN * 
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Figure 14-76 E Verruciform ama: A: At low power, the Bo can be confused with a viral wart or a ENE There is 
marked acanthosis with a papillomatous surface and marked elongation and thinning of the dermal papillae. B: The diagnostic features are 
appreciated at higher power. Note the presence of characteristic xanthomatous histiocytes within the dermal papillae. There is prominent 
parakeratosis and superficial keratinocytic necrosis admixed with neutrophils. 
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Squamous Cell Carcinoma 
Epidemiology and Etiopathogenesis 


Squamous cell carcinoma of the scrotum is the most com- 
mon malignant tumor in this location, and yet it is extremely 
infrequent.°3° The incidence of squamous cell carci- 
noma of the scrotum is much lower than that of penile 
carcinoma.”?7°6!36364 Tn 1976, the incidence in the United 
States was reported to be <10 cases per year.* The reported 
incidence from large cancer centers is one case every 2 or 
3 yearss 762,363,364 

This tumor is of great historical interest because it was 
the first cancer to be directly linked to exposure to occupa- 
tional carcinogens. In the eighteen century, Sir Percival Pott 
noted a high incidence of this tumor in chimney sweeps.°°?3 
Since then, an increased incidence of scrotal cancer has been 
noted in tar workers, paraffin and shale oil workers, and cot- 
ton factory workers.*°° Scrotal cancer is more frequent in 
the lower social class and rural populations when compared 
with the higher social class and urban population, and this 
may be related to hygienic measures.** Occupation-related 
scrotal carcinomas are much less frequent now because of 
better hygiene, protective clothing, and awareness. HPV 
infection is another risk factor in the development of scro- 
tal cancer.3%+36 From a series of 14 cases of scrotal can- 
cer from the Mayo Clinic files, 45% had documented HPV 
infection.°° The combination of PUVA has been shown to 
increase the incidence of both penile and scrotal carcinomas. 
Squamous cell carcinomas arising in the setting of scars 
have also been described.” 


Clinical Presentation and Gross Appearance 


Carcinoma of the scrotum usually affects patients in the sixth 
decade of life and most frequently presents as a solitary lesion. 
Tumors start as pimple and wart-like lesions or nodules that 
slowly grow for several months and then ulcerate. The ulcer- 
ated lesions have an indurated base and raised rolled borders. 
Invasion of the scrotal contents or the penis may eventually 
occur. The median time before seeking medical assistance 
is approximately 8 months.*°!33 Nearly 40% to 50% of 
patients with scrotal cancer have inguinal lymphadenopa- 
thy at the time of presentation, and half of these men (25% 
overall)will have metastasis in the surgical specimens.>* Less 
frequent presentations include that of an exophytic papillo- 
matous lesion such as in cases of verrucous carcinoma.*” 


Microscopic Features 


The majority of scrotal cancers are keratinizing well or mod- 
erately differentiated squamous cell carcinomas of the usual 
type (Fig. 14-77) similar to those seen in the penis.?°734°3% 
Tumors can be graded as well, moderately, and poorly 
differentiated lesions following the same guidelines that 
were discussed in the penile section. Even more rarely, other 
variants such as verrucous, sarcomatoid, warty, and basaloid 
carcinomas may be seen (Fig. 14-78A).3” 
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Figure 14-77 W Invasive squamous cell carcinoma of the 
scrotum. Keratinizing squamous cell carcinoma of the usual type 
as the one depicted in this picture is the most commonly found 
variant. 


The epidermis adjacent to the invasive tumors may show 
dysplastic changes (Fig. 14-78B). Although there are not 
enough data published on scrotal precancerous conditions to 
make definitive statements, it is our experience that the pre- 
cancerous lesions appear similar to those seen in the penis. 
Differentiated SILs appear more frequently adjacent to the 
usual type of squamous cell carcinomas, and warty and basa- 
loid type of precancerous lesions are seen more frequently 
adjacent to HPV-related variant (e.g., warty and basaloid) 
invasive carcinomas (Fig. 14-78B). 


Prognosis and Treatment 


The significance of the histologic grade is uncertain because 
of the scarcity of published data. The most commonly used 
staging system is the Lowe’s modification of the system pro- 
posed by Ray and Whitmore (Table 14-3).* Data regard- 
ing survival are also limited, but overall outcome is poor 
for invasive carcinoma. Survival appears to correlate with 
stage; approximately 75% of patients with stage Al and 44% 
of patients with stage A2 have a chance for long-term sur- 
vival.°° 3364 Patients with stage C or stage D disease have 
little chance for long-term survival. Surgery is the preferred 
treatment of scrotal carcinoma. 


Basal Cell Carcinoma 


Basal cell carcinoma is a rare scrotal neoplasm with clini- 
cal, histopathologic, and behavioral features similar to 
those seen in nongenital skin locations”*’37>-3”° (Fig. 14-59). 
Clinically, the most common presentation is that of a pearly 
papule with telangiectases, but ulcerative, infiltrative, cica- 
tricial, and superficial multicentric variants also occur.”! It 
is usually an indolent tumor; however, metastasis has been 
documented in some cases. Complete local excision with 
negative margins is the preferred treatment for basal cell 
carcinomas. Small tumors with classical features of basal 
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Figure 14-78 E A: Invasive BC of the scrotum. Note the invasive aggregates of small uniform basaloid cells. B: The adjacent epithe- 
lium shows carcinoma in situ with warty—basaloid features. Note the extension of dysplastic keratinocytes to the underlying adnexal struc- 
ture; this should not be confused with true invasion. (Courtesy of John Hopkins Medical Center, Department of Pathology, USA.) 


cell carcinomas (without foci of necrosis or squamous 
differentiation) have an excellent prognosis in most cases. 
It is important to distinguish basal cell carcinoma from BC 
(Figs. 14-42A—D and 14-78A); the latter is a highly aggres- 
sive HPV-related variant of squamous cell carcinoma. BC 
usually presents as a highly aggressive tumor frequently 
associated with lymphovascular invasion and poor outcome. 
For a more detailed description of the basaloid variant of 
squamous cell carcinoma, please review the penile section. 
It is possible that some of the reported cases of metastasiz- 
ing basal cell carcinomas of the scrotum corresponded to 
basaloid squamous cell carcinomas. 


Extramammary Paget Disease 


Extramammary Paget disease of the scrotum can be classi- 
fied as primary and secondary.: Primary Paget disease 
may be confined to the epidermis or may invade the dermis. 
They may also be associated with an underlying sweat gland 


Table 14-3 STAGING SYSTEM FOR SCROTAL 

CARCINOMA 

Stage Description 

Al Localized to the scrotal wall 

A2 Locally extensive tumor invading adjacent 
structures (testis, spermatic cord, penis, pubis, 
perineum) 

B Metastatic disease involving inguinal lymph 
nodes only 

Cc Metastatic disease involving pelvic lymph nodes 
without evidence of distant spread 

D Metastasis beyond the pelvic lymph nodes, to 


involve distant organs. 


From Lowe FC. Squamous cell carcinoma of the scrotum. J Urol 
1983;130:423-427. 


carcinoma. Secondary Paget disease results from an epider- 
motropic spread from a colorectal or urogenital carcinoma. 
Clinical, histopathologic, and immunohistochemical features 
are similar to those described in penile location (Figs. 14-61A 
and B, 14-79A and B). 


Other Epithelial Tumors 


Practically, any tumor that may affect the skin rarely affects 
the scrotum. Benign adnexal tumors include syringomas 
and hidrocystomas. Malignant adnexal neoplasms such as 
eccrine porocarcinoma have also been reported.’ 


MELANOCYTIC NEOPLASMS 


Benign nevi may affect the scrotum. Scrotal malignant mel- 
anoma is rare; therefore the data available are scarce. In a 
recent series from a large institution, the authors reported six 
cases of scrotal melanoma.” The outcome of this series was 
poor; the 5-year actuarial disease-specific and recurrence- 
free survival rates were 33.3% and 33.3%, respectively, at 
a median follow-up of 36 months. Melanoma in situ can 
mimic Paget disease; the demonstration of immunohisto- 
chemical expression of melanocytic markers (1.e., S100, 
HMB-45, Melan-A) may be necessary to make the correct 
diagnosis in such difficult cases. 


SOFT TISSUE TUMORS 


Benign mesenchymal tumors such as hemangiomas, angio- 
keratomas (Fig. 14-80), leiomyomas (Fig. 14-81), lipomas, 
granular cell tumor, schwannomas, and solitary fibrous 
tumor may rarely affect the scrotum.?***°3* A rare angio- 
myofibroblastoma-like tumor with features similar to female 
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B: Immunohistochemistry for cytokeratin 7 highlights the neoplastic pagetoid cells. 


angiomyofibroblastoma and spindle cell lipoma was also 
described in this location.** Rare cases of fibrous hamar- 
toma of infancy have been reported in the scrotum.*’3*** The 
affected patients are usually younger than 2 years. Grossly, 
the lesion is firm and gray-white with admixed yellow foci. 
The tumor has ill-defined borders on gross and microscopic 
examination. Histologically, the lesion is composed of lob- 
ules of mature adipose tissue separated by intervening dense 
fibrous tissue. There are admixed foci of primitive myxoid 
mesenchymal tissue. Immunohistochemical analysis shows 
positivity with vimentin, smooth muscle actin, and desmin. 

Some cases of aggressive angiomyxoma, a distinc- 
tive, locally aggressive but nonmetastasizing soft tissue 
tumor of the pelvic soft tissues and perineum classically 
affecting adult women, were also reported in the scro- 
tum.**°8° These tumors are infiltrative and composed of a 
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Figure 14-80 E Angiokeratoma of the scrotum. Underneath 


a hyperplastic epidermis, there is a proliferation of dilated blood 
vessels. 


fibromyxoid matrix sparsely populated by bland-looking 
spindled and stellate cells with delicate cytoplasmic pro- 
cesses. There are haphazardly scattered small and large 
blood vessels, some of which exhibit hypertrophy or hya- 
linization of the wall. Immunohistochemically, the stromal 
cells stain for vimentin and variably for muscle-specific 
actin, but not alpha-smooth muscle actin, desmin, and 
S-100 protein.**° This uncommon tumor occurring around 
the genital region in men merits wider recognition because 
of its potential for recurrence. It should be distinguished 
from benign myxoid tumors with a low risk of local recur- 
rence and fully malignant myxoid tumors with distant 
metastatic potential.***° 

Sarcoma of the scrotum, excluding extension from 
the spermatic cord or other adjacent areas, is extremely 
rare. The most common malignant soft tissue tumor is 


Figure 14-81 E Leiomyoma of the scrotum. Within the 
dartos and dermis, there is a proliferation of bland-looking smooth 
muscle bundles. (Courtesy of John Hopkins Medical Center, 
Department of Pathology, USA.) 
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Figure 14-82 E 
ically, the tumor is composed of sweeping fascicles of cells with 
blunt-end nuclei and perinuclear halos. Nuclear pleomorphism and 
mitosis are present. (Courtesy of John Hopkins Medical Center, 
Department of Pathology, USA.) 


leiomyosarcoma,**”3”° which usually arises within the dar- 
tos. Clinically, it presents as a rapidly growing, painless 
mass. Histologically, the tumor is composed of sweeping 
fascicles of cells with blunt-end nuclei and perinuclear 
halos. Nuclear pleomorphism and mitosis are present 
(Fig. 14-82). 

Liposarcoma may also affect the scrotum. Well- 
differentiated (including the dedifferentiated variant), myx- 
oid (including the round cell variant), and pleomorphic forms 
have been described.*” °°? Identification of the classical lipo- 
blasts and, in the well-differentiated variants, the presence 
of hyperchromatic spindle and bizarre cells in the fibrous 


x 
wt 


a P DAG 
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septa are helpful to make the diagnosis (Fig. 14-83A and B). 
Liposarcoma should be distinguished from silicone granu- 
loma or paraffinoma, which is composed of cells that may 
really mimic lipoblasts. The presence of multinucleated giant 
cell reaction and too many multivacuolated “lipoblast-like” 
cells in silicone granuloma compared with a well-differen- 
tiated liposarcoma are helpful to make the distinction. S100 
immunostain may be helpful to highlight lipoblasts in lipo- 
sarcoma. An unusual scrotal sarcoma characterized histologi- 
cally by the intimate admixture of areas displaying the features 
of liposarcoma and leiomyosarcoma has been described.’ 

Epithelioid sarcoma (especially the proximal variant) 
(Fig. 14-67), rhabdomyosarcoma, and other sarcomas excep- 
tionally affect the scrotum.” Scrotal posttraumatic 
spindle cell nodules may mimic a sarcoma.” 


LYMPHOPROLIFERATIVE AND OTHER | 
HEMATOPOIETIC DISORDERS | 


Lymphomas and leukemic infiltration of the scrotum 
are exceptional but may be seen as primary or secondary 
events? 4% (Fig. 14-84A and B). 


METASTATIC TUMORS TO THE SCROTUM | 


Metastasis to the scrotum is very rare.*°**"8 The primary site 
is most frequently a pelvic organ such as the prostate, rec- 
tosigmoid colon, bladder, and penis.***°° Metastasis from 
kidney tumors has also been described.*”’ Exceptional cases 
such as desmoplastic small round cell tumor of the abdomen 
with scrotal metastases“ and an unusual case of gastrointes- 
tinal stromal tumor extending through the inguinal canal to 
present as a scrotal mass have been reported.*” 


~ 


B: Higher-power view to show the characteristic bizarre stromal cell within the fibrous septa. 
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Figure 14-83 Œ Well-differentiated liposarcoma of the scrotum. A: Low-power view illustrating the adipocytic nature of the lesion. 
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paratesticular region, 818 
seminal vesicle, 457 
Calculi 
bladder, 315 
calcium containing, 52—53, 53 
kidney, 14, 53, 54, 55 
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treatment, 89 
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prognosis and treatment, 140 
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immunohistochemistry, 101 
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prognosis and treatment, 102 
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development, 2, 3 
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prostate gland, 538 
urethra, 474, 474 
urinary bladder, 325, 325 
Endosalpingiosis, urinary bladder, 325, 326 
Eosinophilic cystitis, 309-310, 3/0 
Epidermal cyst, 904, 904 
Epididymis 
anatomy and histology, 807, 807 
atypical nuclei, 822 
benign tumors, 824, 824-825 
congenital anomalies, 809 
cribriform hyperplasia, 822 
cysts, 817 
epididymitis, 815 
granulomatous inflammation, 813-814 
malakoplakia, 814 
malignant tumors, 824, 844-845 
nonspecific acute and chronic 
inflammations, 812—813 
Rosai-Dorfman disease, 818 
sperm granulomas, 814 
Epididymo-orchitis, 727-729 
Epispadia, 860 
Epithelioid angiomyolipoma 
clinical features, 150 
differential diagnosis, 151 
epidemiology, 150 
ganglion-like mononuclear cells, 151, 757 
genetics, 151 
gross features, 150, 150 
immunohistochemistry, 151 
microscopic features, 150, 150-151, 151 
prognosis and treatment, 152 
Epithelioid hemangioendothelioma, 898-899, 
899 
Epithelioid sarcoma, proximal type, 899, 900 
Erdheim-Chester disease, 213 
Ewing sarcoma/primitive neuroectodermal 
tumor, 165, 284, 414 
Exstrophy urinary bladder, 302, 302 


F 
Familial renal cell carcinoma syndromes 
Birt-Hogg-Dubé syndrome, 119-120, 119t, 120 
chromosome 3 translocation RCC, 124 
hereditary leiomyomatosis, 123—124, 124 
hereditary papillary RCC, 125 
hereditary paraganglioma, 125, 166 
tuberous sclerosis, 121—123, 722, 122t, 123 
von Hippel-Lindau disease, 120-121, 121 
Feminizing adrenal cortical tumors, 216—220 
Fibroepithelial polyp, 364, 364b, 471 
pelvis and ureter, 275, 275 
urinary bladder, 322-323, 323 
Fibromuscular dysplasia, 32, 32 
Fibrous pseudotumor (see Inflammatory 
myofibroblastic tumor) 
Filariasis, 47 
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Finasteride, 540 
Fistulas 
seminal vesicles, 545 
urinary bladder, 326 
Flat urothelial hyperplasia, 467 
Foamy gland (xanthomatous) carcinoma, 
prostate, 619, 619-620, 620 
Follicular cystitis, 306, 306 
Follicular prostatitis, 504, 505 
Fournier gangrene 
penis, 861 
scabies, 901—902 
Fragile X chromosome, 715 
Frasier’s syndrome, 709 
Fungal infection 
kidney 
aspergillosis, 45, 45, 46 
blastomycosis, 46-47 
Candidiasis, 44-45 
coccidioidomycosis, 47 
cryptococcosis, 45 
histoplasmosis, 45—46, 46 
mucormycosis, 47 
paracoccidioidomycosis, 47 
Torulopsis, 45 
prostate, 508—509, 509 
aspergillosis, 506t 
blastomycosis, 506t 


G 
Ganglioneuroblastoma, adrenal, 241-243, 
241, 242 
Ganglioneuroma, adrenal, 241-242, 242 
Gangrenous balanitis, 861 
Gangrenous cystitis, 310 
Gartner ducts, 471 
Genitoperineal raphe, 861 
Germ cell tumors 
giant spermatogonia, 737, 737 
deficiency, 788 
kidney, 168 
paratesticular, 821—822, 844 
testis 
in adults, 755, 756b 
burned-out lesion, 783, 783 
choriocarcinoma, 774-777, 775b, 776-777 
cryptorchidism, 756-757 
dermoid cyst/teratoma, 428 
embryonal carcinoma, 767-771, 
768-771, 768b 
epidemiology, 754-757 
gonadal dysgenesis, 757 
immunohistochemistry, 755, 756t 
infertility, 757 
intratubular germ cell neoplasia, 757—761 
prepubertal, 755 
polyembryoma, 784-785, 785 
seminoma, 761—766 
spermatocytic seminoma, 766-767, 767, 
768, 767b 
syncytiotrophoblastic giant cells, 
281-282 
teratoma, 777-779, 778-779, 777b 
trophoblastic tumors, 428 
yolk sac tumor, 428 
urinary bladder, 428 
Gerota fascia, 3, 4 


Giant cell carcinoma, urinary bladder, 
383-384, 384 
Giant-cell cystitis, 305, 306 
Giant cells 
BCG, 315 
foreign body, 384, 814, 882 
osteoclastic, 385-387, 386 
renal cell carcinoma, 84 
syncytiotrophoblastic, 281-282 
Gleason grading 
atrophic carcinoma, 618-619, 618 
clinical significance, 631 
cribriform glands, 583, 625, 627 
ductal carcinoma, 610-614 
foamy gland carcinoma, 619-620, 619, 620 
history, 563 
mucinous carcinoma, 614-615, 615 
in needle biopsy, 628 
pattern 1, 580, 580, 624-625, 625 
pattern 2, 580-581, 581 
pattern 3A, 581-591, 581-591, 625, 625 
pattern 3B, 581-591, 581-591, 625, 625 
pattern 3C, 582, 583 
pattern 4A, 582-584, 583-584, 625, 626, 627 
pattern 4B, 582-584, 583-584, 625, 626, 627 
pattern 5A, 584-585, 584-585, 625, 627, 628 
pattern 5B, 584-585, 584-585, 625, 627, 628 
in radical prostatectomy, 628 
signet ring-like cells, 585, 602 
in treated cancer, 656, 657 
Glomerulocystic disease 
clinical features, 25 
etiopathogenesis, 23, 25, 25t 
gross features, 25 
microscopic features, 25, 26 
Glomerulus, 6-7, 8 
Glomeruloid bodies, prostate, 594, 594 
Glomus tumor, kidney, /54, 154-155 
Gonadal dysgenesis, 717-718, 718 
Gonadoblastoma 
clinical features, 794 
differential diagnosis, 794 
microscopic features, 794, 794 
Gonadoblastoid testicular dysplasia, 724 
Gonococcus, 466 
Granular cell tumor, 417-418 
Granulocytic sarcoma, 841 
Granuloma inguinale, 863, 863 
Granulomatous cystitis, 314-315, 314-315 
Granulomatous epididymitis 
Brucella and blastomycosis, 813 
cholesteatoma, 814 
fungal infection, 813 
sarcoidosis, 813-814 
sclerosing lipogranuloma, 814 
tuberculous epididymitis, 813, 8/3 
xanthogranulomatous, 813 
Granulomatous prostatitis, 506, 506t 
Granulomatous vasculitis, 816, 816 
Granulosa cell tumor 
adult type, 792, 793 
juvenile type, 792-793, 793 
Gubernaculum testis, 716 


H 

Hamartoma 
paratesticular region, 818 
urinary bladder, 324, 324 


Hantavirus, 50 
Hemangioblastoma, 153—154 
Hemangioma 
adrenal cortex, 251, 152 
kidney, 153, 153 
pelvis and ureter, 284 
prostate gland, 691 
urinary bladder, 416, 416 
Hemangiomyoma, 284 
Hematocele, 725-726, 816b, 818 
Hematopoietic tumors (see Leukemia; 
Lymphoma; Plasmacytoma; 
Multiple myeloma) 
Hematuria, 348-350, 403, 410 
Hemorrhage, 271 
adrenal gland, 213 
pelvis and ureter, 271 
Hemorrhagic cystitis, urinary bladder, 309, 3/0 
Hepatoid adenocarcinoma, urinary bladder, 410 
Hereditary leiomyomatosis and RCC syndrome 
clinical characteristics, 123 
genetics, 123 
prognosis and treatment, 124 
renal tumors, 123—124, 124 
Hermaphroditism, 718-719, 719 
Hernia sac inclusions, 811—812 
Herpes infection 
adrenal gland, 213 
penis, 865, 866 
urinary bladder, 313 
Hidradenitis suppurativa, scrotum, 902, 903 
High-grade prostatic intraepithelial neoplasia 
(see Prostatic intraepithelial neoplasia) 
Histoplasmosis, 45—46, 46 
Hobnail cells, 473, 478 
Hormone therapy, prostatic adenocarcinoma 
ancillary studies, 652—653 
androgen deprivation therapy (ADT), 649, 649 
benign prostate, 649—650, 650 
prostatic intraepithelial neoplasia, 650, 
650-651, 651, 652 
surgical margins, 652 
tumor grade, 651-652 
Horseshoe kidney, 11, // 
Human papillomavirus (HPV) infection 
penis, 864-865 
urethra, 465—466, 466 
urinary bladder, 312, 3/3 
Hunner ulcer (see Interstitial cystitis) 
Hydatidosis, 48 
Hydrocele, 812 
Hydronephrosis 
nephrolithiasis, 52 
ureteropelvic junction obstruction, 50-51 
Hyperaldosteronism, 216, 216 
Hypercalcemia, 82 
Hyperfunctional states, adrenal gland 
adrenocortical hyperplasia, 214-215 
Conn syndrome, 219, 2/9 
Cushing disease, 214, 2/4, 215 
macronodular hyperplasia, 215 
primary pigmented nodular adrenocortical 
disease, 2/5, 215-216 
Hyperplasia 
paratesticular region 
atypical nuclei, 822 
cribriform hyperplasia, 822, 822 
multicystic mass of wolffian origin, 824 
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reactive mesothelial hyperplasia, 
822-823, 823 
smooth muscle hyperplasia, 823-824 
pelvis and ureter, 273-275 
Hypertension 
Ask-Upmark kidney, 42 
autosomal dominant polycystic kidney 
disease, 14 
autosomal recessive polycystic kidney 
disease, 13 
clear cell RCC, 81, 82 
congenital adrenal hyperplasia, 211 
pheochromocytoma, 230 
renal artery stenosis, 32 
testicular lesions, 726 
Hypogonadism 
adrenal gland related, 209 
Klinefelter’s syndrome, 722 
Nooan’s syndrome, 716, 722t, 724 
Hypoplasia 
adrenal glands, 209 
urinary bladder, 300 
Hypopituitarism, 209 
Hypospadia, 464, 464, 860-861, 861b 
Hypospermatogenesis, 736, 736 
Hypofunctional states, adrenal gland 
primary hypofunction 
acquired immune deficiency 
syndrome, 213 
adrenal hemorrhage, 213 
amyloidosis, 213 
autoimmune adrenalitis, 212 
Erdheim-Chester disease, 213 
infectious disorders, 212—213 
secondary hypofunction, 213-214 


l 
Idiopathic benign macroorchidism, 715 
Idiopathic granulomatous orchitis, 729, 729 
Idiopathic granulomatous prostatitis, 602, 603 
Infections 
adrenal glands, 213 
kidney, 35-50 
penis, 816—866 
prostate, 503-511 
seminal vesicles, 546-547, 547 
testis, 728—729 
urachus, 333 
urethra, 465—467 
urinary bladder, 303-312 
Infertility 
cryptorchidism, 716-717 
germ cell tumors, 734 
hypospermatogenesis, 736, 736 
interstitial cells, 733 
maturation arrest, 736-737, 737 
mixed atrophy, 737, 737-738, 738 
obstructive, 738 
sertoli cell-only syndrome, 734-736, 735, 
735t 
testicular biopsies, 732 
tubular hyalinization, 733-734, 734 
Inflammation 
adrenal glands, kidney, 82 
paratesticular region, 812—815 
pelvis and ureter, 271 
prostate, 503-511 
seminal vesicles, 546-547, 547 
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Inflammation (Continued ) 
testis, 734 
urethra, 465-467 
Inflammatory myofibroblastic tumor (IMT), 
696-698, 697t 
kidney, 59-61 
prostate, 537 
urinary bladder, 326, 328 
Inflammatory pseudotumors 
amyloidosis, 59 
inflammatory myofibroblastic tumor, 59-61 
malakoplakia, 56—58 
sarcoidosis, 58—59 
urinary bladder, 327-328 
xanthogranulomatous pyelonephritis, 55-56 
Intersex syndromes, 502 
Interstitial cystitis, 306-307, 307 
Intraductal carcinoma, prostate 
clinical significance, 605—606 
diagnostic criteria, 606, 607t 
immunohistochemistry, 609, 609 
incidence, 605 
invasive adenocarcinoma, 606, 607 
microscopic features, 606—609 
molecular features, 609-610 
Intravascular lymphoma, prostate gland, 690 
Invasive urothelial carcinoma 
in bladder wash specimen, 369, 369 
cytokeratins expression, 370-371, 371 
desmoplastic stroma, 367, 368 
differential diagnosis, 369 
growth patterns, 365, 365b 
immunohistochemistry, 369-372 
inflammatory infiltrate, 367, 368 
mucin positivity, 367, 368 
myxoid stroma, 367, 368 
trabecular architecture, 365, 367 
in voided urine specimen, 367, 368 
Inverted urothelial papilloma 
clinical features, 342-343 
differential diagnosis, 344 
microscopic features, 343 


J 
Juxtaglomerular cell tumor, 144, 144-145, 145 


K 
Kaposi sarcoma, 898, 899 
Kidney 
agenesis, 9, 9t, 70 
anatomy and histology, 3—8 
aneurysm, 33, 33 
arterial diseases, 32-35 
artery dissection, 33, 33, 34 
bacterial infection, 35—44 
congenital anomalies, 9—12 
cystic diseases (see Cystic diseases, kidney) 
distal tubule, 7 
ectopic kidneys, 11-12, 12 
embryology, 1-3, 2, 3 
fetal lobulations, 3, 5 
fibrous capsule, 3, 4 
fungal infection, 44-47 
horseshoe kidney, 11, 77 
hydronephrosis and obstructive nephropathy 
nephrolithiasis (see Nephrolithiasis) 
ureteropelvic junction obstruction, 50-51 


hypoplasia, 9, 9t, 10 

inflammatory pseudotumors, 55—61 

mesonephros, 1 

metanephros, 1-2, 2, 3 

nerve supply, 6 

newborns and adults, 3 

parasitic infection, 47-48 

pronephros, 1 

renal arteriovenous anastomosis, 33—34 

renal infarction, 34, 34 

renal sinus, 8, 8 

rotation abnormality, 9-11, 71 

thrombosis, 34 

tubulointerstitial diseases, 43 

tumors 
benign, 72-80, 73t, 74-79, 79b, 80t 
lymphoma/leukemia, 166-168, 167 
mesenchyma, 137-152 
metanephric, 126—130 
metastatic, 168-169, 168, 169 
mixed epithelial mesenchymal, 159-163 
nephroblastic, 130-137 
pediatric, 134, 136t 

vascular disease, 32—35 

vascular structure, 5 

viral infection, 48—50 

Klinefelter’s syndrome, 722, 733 
Klippel-Trenaunay syndrome, 153 


L 
Lamina propria, urinary bladder, 297, 
297-298, 298, 299t, 300 
Large cell lymphoma, prostate gland, 689 
Leiomyoma, 152-153 
kidney, 123-124 
paratesticular region, 832 
pelvis and ureter, 284 
prostate gland, 698, 698 
scrotum, 907 
ureter, 415 
urethra, 480, 48/ 
urinary bladder, 415, 4/5, 416t 
Leiomyosarcoma, 
kidney, 156-157, 157 
paratesticular region, 838-839 
pelvis and ureter, 284 
penis, 898, 898 
prostate gland, 699, 700 
scrotum, 908 
urethra, 480 
urinary bladder 
clinical features, 418 
differential diagnosis, 420-421, 420t, 421t 
polypoid mass, 418, 419 
Leukemia 
adrenal gland, 248-249, 249 
kidney, 168 
pelvis and ureter, 285 
prostate gland, 690, 690-691 
testis, 795-796 
urinary bladder, 424, 424425 
Leydig cells 
adult testis, 714 
ectopia, 716 
hyperplasia, 740 
hypoplasia, 719 
prepubertal testis, 711 
tumor, 720 
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Leydig-cell-only syndrome, 715 
Leydig cell tumor 

clinical features, 786 

differential diagnosis, 788-789 

microscopic features, 786, 787 

treatment and prognosis, 788 
Lichen planus, penis, 869, 869 
Lichen simplex chronicus 

penis, 868 

scabies, 902, 902 
Lipoma, 152, 418 

spermatic cord, 814 
Liposarcoma, 156, 839, 839-840 

kidney, 156 

retroperitoneal, 266 

spermatic cord, 837 
Loop of Henle, 7 
Lymphangioma, 155, 155 
Lymphocytic orchitis, 730-731, 731 
Lymphogranuloma venereum, 863-864 
Lymphoma 

adrenal gland, 248-249, 249 

kidney, 166-167 

paratesticular region, 841 

pelvis and ureter, 271 

penis, 900 

prostate gland, 689, 689-690, 690 

scrotum, 908, 909 

testis, 795-796 

urinary bladder, 423-424, 424 


M 


Macronodular hyperplasia, adrenal gland, 215 
Macroorchidism, 715 
Malakoplakia 

epididymis, 814 

kidney, 56-58 

paratesticular region, 814 

pelvis and ureter, 268, 269 

prostate gland, 510 

testis, 788 

urinary bladder, 311-312 
Male pseudohermaphroditism, 719-721 
Malignant melanoma (see Melanoma) 
Malrotated kidneys, 9-11, 77 
Matrix stones, 55 
Meckel-Gruber syndrome, 23t 
Meconium vaginalitis, 814 
Medial fibroplasias, renal artery, 33 
Medial raphe cysts, 861 
Medullary cystic disease 

clinical features, 19 

microscopic features, 19, 19 

genetics, 19 
Medullary nephronophthisis 

clinical features, 17, 18t 

extrarenal manifestations, 18t 

genetics, 16-17, 18 

gross features, 18, 78 

microscopic features, 18—19 
Medullary sponge kidney 

clinical features, 25-26 

gross features, 26, 26 

microscopic features, 26 
Megalourethra, 464 
Megaureter 

nonobstructed and nonrefluxing, 265t, 

266, 266 


obstructed, 265t, 266, 266 
refluxing, 265—266, 265t 
Melanoma 
adrenal gland, 248 
penis, 897-898, 898 
prostate gland, 691 
urethra, 482 
urinary bladder, 425—426 
Melanosis 
prostate, 537 
penis, 897 
Melanotic neuroectodermal tumor, 842, 
842-843 
Merkel cell carcinoma, penis, 895 
Mesenchymal tumors 
adrenal gland, 250-252, 252 
in adults 
angiomyolipoma (see Angiomyolipoma) 
desmoplastic small round cell tumor, 152 
juxtaglomerular cell tumor, 144, 
144-145, 145 


renomedullary interstitial cell tumor, /43, 


143-144, 144 
angiosarcoma, 157—158 
in children 
anaplastic sarcoma, 143 
clear cell sarcoma, /39, 139-140, 140 
congenital mesoblastic nephroma, /37, 
137-139, 138 
ossifying renal tumor infancy, 142 
rhabdoid tumor, 140-142, 141 
kidney 
glomus tumor, /54, 154-155 
hemangioblastoma, 153-154 
hemangioma, 153, 153 
leiomyoma, 152-153 
leiomyosarcoma, 156—157, 157 
lipoma, 152 
liposarcoma, 156 
lymphangioma, 155, 155 
osteosarcoma, 158 
rhabdomyosarcoma, 157 
schwannoma, 155 
solitary fibrous tumor, 155—156 
synovial sarcoma, 158, 158-159 
paratesticular region 
leiomyoma, 836 
leiomyosarcoma, 838—839 
lipoma, 836 
liposarcoma, 839-840 
rhabdomyosarcoma, 837—838 
pelvis and ureter, 284 
prostate gland 
gastrointestinal stromal tumor, 700-701, 
700, 701 
leiomyoma, 698, 698 
leiomyosarcoma, 699, 700 
solitary fibrous tumor, 698-699, 699 
stromal tumor of uncertain malignant 
potential (STUMP), 692, 
694-696 
rhabdomyosarcoma, 701-702 
urethra 
hematopoietic/lymphoid neoplasms, 
483, 483 
leiomyoma, 480, 481 
melanoma, 482, 482-483 
neurofibroma, 481, 48/ 


rhabdomyosarcoma, 481-482, 482 
staging, 483-484 
urinary bladder 
angiosarcoma, 422—423 
granular cell tumor, 417-418 
hemangioma, 416, 416 
leiomyoma, 415, 4/5, 416t 
leiomyosarcoma, 418—420 
lipoma, 418 
neurofibroma, 416—417, 417 
perivascular epithelioid cell tumors, 423 
rhabdomyosarcoma, 421—422, 422 
schwannoma, 417 
solitary fibrous tumor, 418 
Mesonephric ducts, 1 
Mesonephric remnant hyperplasia, 532-533, 
533 
Mesonephros, | 
Mesothelioma, paratesticular 
clinical characteristics, 834 
differential diagnosis, 835, 835t 
immunohistochemistry, 828 
microscopic features, 831 
sarcomatous mesothelioma, 835 
treatment, 835—836 
tubular, papillary and solid pattern, 
834, 834 
Metanephric tumors 
adenofibroma, 129 
adenoma 
clinical features, 126 
differential diagnosis, 127, 128t, 129 
genetics, 127 
gross features, 126, 126 
immunohistochemistry, 127, 128 
microscopic features, 126-127, 127 
prognosis and treatment, 129 
adenosarcoma, 130 
stromal tumors, 129-130 
Metanephros, 1—2 
Metastatic tumors 
adrenal glands, 247—248 
kidney, 82 
paratesticular region, 844-845 
pelvis and ureter, 285 
penis, 900 
prostate gland, 844-845, 845 
seminal vesicles, 691 
testis, 797-798 
urinary bladder, 430 
Michaelis-Gutmann bodies, 56—58 
Microsporidiosis, 47-48 
Microwave thermotherapy, prostatic 
adenocarcinoma, 655 
Mitomycin C, 272, 310, 341, 361, 398 
Mitosis karyorrhexis index (MKT), 
243-244 
Mixed corticomedullary tumors, 253 
Mixed mesenchymal and epithelial tumors, 
kidney 
cystic nephroma, 159-161, 160 
epithelial and stromal tumor 
clinical features, 161 
differential diagnosis, 163 
gross features, 161, 162 
immunohistochemistry, 162, /63 
microscopic features, 162, 162, 163 
prognosis and treatment, 163 
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Molluscum contagiosum, penis, 865, 866 
Monckeberg calcification, 35, 35 
Monodermal teratoma, 777, 779, 781 
Monorchidism, 714 
Mucinous (colloid) carcinoma, prostate, 
614-615, 615 
Mucinous cystadenocarcinoma, 831 
Mucinous fibroplasia, prostate, 594, 594 
Mucinous metaplasia, prostate, 521, 521-522 
Mucinous tubular and spindle cell carcinoma 
clinical features, 107 
differential diagnosis, 108 
genetics, 108 
gross features, 107 
immunohistochemistry, 107—108 
microscopic features, 107, 707, 108 
prognosis and treatment, 108 
Mucormycosis, 47 
Mucous membrane pemphigoid, penis, 871-872 
Mucusuria, 344, 403 
Müllerian ducts remnants, 811 
Miillerian lesions 
cystocele/bladder prolapse, 326 
endocervicosis, 325, 325 
endometriosis, 325, 325 
endosalpingiosis, 325, 326 
fallopian tube prolapse, 326 
fistulas, 326 
Miillerian duct cysts, 326 
Miillerianosis, 325 
Multicystic renal dysplasia 
clinical features, 22—23 
etiopathogenesis, 22, 23t 
gross features, 23, 24 
microscopic features, 23, 24, 25 
Multilocular cystic clear cell renal cell 
carcinoma 
clinical features, 89 
differential diagnosis, 90, 90t 
gross features, 89, 90 
immunohistochemistry, 90 
microscopic features, 89-90, 90 
prognosis and treatment, 90—91 
Multiple endocrine neoplasia (MEN), 216 
Multiple myeloma 
kidney, 167 
prostate gland, 691 
Muscularis propria, urinary bladder, 298-299, 
300, 301 
Myelolipoma, adrenal gland, 249, 249-250 
Myxoid leiomyosarcoma 
paratesticular region, 836 
urinary bladder, 389 
Myxoid liposarcoma, 840 


N 
Neisseria gonorrhoeae epididymitis, 812 
Neobladder, 329 
Neoplasms 
adrenal gland, 216 
epididymis, 824 
kidney, 152-159 
paratesticular region, 824—845 
pelvis and ureter, 275-285 
penis and scrotum, 904—906 
prostate, 503 
seminal vesicles, 537 
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Neoplasms (Continued ) 
testis, 796-797 
urethra, 475—483 
urinary bladder, 341 
Nephroblastic tumors 
cystic partially differentiated 
nephroblastoma, 135, 137 
Wilms tumor, neuroblastoma, 131—134, 
131-134 
Nephroblastomatosis, 131 
Nephrocalcinosis, 55, 55 
Nephrogenic adenoma 
prostate gland, 522-523 
ureter, 274-275 
urethra 
differential diagnosis, 473 
diverticulum, 474-475 
immunohistochemistry, 473 
signet ring-like cells, 472, 473 
urinary bladder 
differential diagnosis, 322 
fibromyxoid pattern, 321, 321 
immunohistochemisty, 322 
Nephrogenic rests, 126 
Nephrolithiasis 
calcium-based stones, 52, 53 
cystine stones, 54 
incidence, 51 
nephrocalcinosis, 55 
struvite (infection) stones, 53, 53, 54 
uric acid stones, 54, 54 
Nephron-sparing partial nephrectomy 
clear cell RCC, 89 
multilocular cystic renal cell carcinoma, 91 
Nephroureterectomy, 286 
Neurofibroma, 284, 416-417, 417, 481, 481 
Neuroblastic tumors 
classification, 235, 236t 
clinical features, 235 
epidemiology and etiopathogenesis, 235 
ganglioneuroblastoma, intermixed, 241, 241 
ganglioneuroblastoma, nodular, 242, 
242-243 
ganglioneuroma, 241, 241-242, 242 
histologic classification and grading, 243 
neuroblastoma (see Neuroblastoma) 
posttherapeutic resection specimens, 243 
specimen handling and reporting, 243 
Neuroblastoma, 165—166, 844 
calcification, 235, 2243 
differential diagnosis 
EWS/PNET, 239-240 
lymphoblastic lymphoma, 240 
metastatic medulloblastoma, 240-241 
nuclear protein in testis (NUT), 240 
rhabdomyosarcoma, 240 
differentiating neuroblastoma, 237—238, 238 
gross and microscopic features, 235-238 
immunohistochemical and genetic markers, 
238-239, 239t 
poorly differentiated neuroblastoma, 237, 238 
prognosis 
age, 243, 244t 
apoptosis and low AKT activation, 246 
gene expression profiling, 246 
genetic and molecular features, 245-246 
mitosis karyorrhexis index, 243-244 
tumor stage, 244-245, 244t 


spread and metastases, 239 
ultrastructural examination, 238 
undifferentiated NB, 236-237, 237 
Neuroendocrine tumors 
kidney 
carcinoid tumor, 163—164 
neuroblastoma, 165—166 
neuroendocrine (small cell carcinoma), 
164-165 
paraganglioma, 166 
primitive neuroendocrine tumor, 73t 
prostate gland 
carcinoid tumor, 677 
large cell neuroendocrine carcinoma, 
680-681 
neuroendocrine (small cell carcinoma), 677 
paraganglioma, 681 
urinary bladder 
carcinoid tumor, 414 
large cell neuroendocrine carcinoma, 
413-414 
neuroendocrine (small cell carcinoma), 355 
paraganglioma, 426—428 
primitive neuroendocrine tumor, 422 
Nodular epithelial and stromal hyperplasia 
differential diagnosis, 528—530 
epithelial-predominant, 526, 527, 528 
fibroadenomatous features, 527, 528 
infarction, 527—528, 529 
leiomyomatous type, 526, 526 
in needle core tissue, 526, 526 
in peripheral zone, 526, 526 
in periurethral zone, 525, 525 
prominent median lobe, 525, 525 
sclerotic stroma, 525, 526 
simple prostatectomy specimen, 524, 525 
stromal-predominant, 526, 527 
Nonurachal adenocarcinoma 
clinical features, 401—402 
differential diagnosis, 404—405, 405 
enteric-like morphology, 403, 403 
grading system, 404 
mucinous (colloid) morphology, 404, 404 
staging, 405 
treatment and natural history, 405 
Noonan’s syndrome, 716, 722t, 724 


(0) 
Obesity 
and infertility, 722 
and renal cell carcinoma, 81 
prostate cancer, 563 
Ochronosis, 538 
Oligohydramnios, 9 
Oligomeganephronia, 9, 10 
Oligozoospermia, 731 
Oncocytoma 
adrenal glands, 220, 220-221 
kidney 
ancillary and special studies, 76-77, 77, 78 
clinical features, 75 
differential diagnosis, 78-79, 79b, 80t 
epidemiology, 75 
genetics, 77—78 
gross features, 75, 75 
microscopic features, 75—76 
nuclear pleomorphism, 76, 76 
oncocytosis, 78, 79, 818 
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perinephric fat invasion, 76, 77 
prognosis and treatment, 79 
Oncocytosis, 78, 78, 79 
Orchitis 
bacterial, 727 
fungal, 729 
tuberculous, 813 
viral, 727-728 
Organ of Giraldes, 811 
Organ of Haller, 811 
Ossifying renal tumor infancy, 142 
Osteosarcoma, kidney, 87 
Ovarian thecal metaplasia, 252-253 
Ovarian-type epithelial tumors, paratesticular 
region 
benign, 825-826, 827 
cystadenoma, 831, 837 
endometrial carcinoma, 831 
histologic spectrum, 829, 830b 
malignant, 829-832, 830, 830b, 831 
mesotheliomas, 831 
mucinous cystadenocarcinomas, 831 
prognosis, 831-832 


P 
Paget disease 
penis, 896-897, 897 
scrotum, 906, 907 
Painful bladder syndrome, 306-307, 307, 308 
Paneth-like cells, prostate gland, 522 
Papillary adenoma, kidney 
ancillary and special studies, 74 
differential diagnosis, 74 
epidemiology and clinical features, 
72-73 
genetics, 74 
gross features, 73 
microscopic features, 73—74, 74 
prognosis and treatment, 75 
Papillary cystadenoma, 845 
Papillary necrosis, 36, 37 
Papillary renal cell carcinoma 
clinical features, 91 
differential diagnosis, 94-95, 94b, 95t 
epidemiology, 91 
fine needle aspirates, 93 
genetics, 94 
grading, 95—96 
gross features, 91-92, 92 
hereditary, 125 
immunohistochemistry, 93—94 
intratumoral calcification, 92 
Mainz classification, 91 
microscopic features, 93 
prognosis and predictive factors, 95-96 
treatment, 96 
type I, 92, 93 
type II, 93, 93 
ultrastructural features, 94 
variants, 91 
Papillary serous cystadenocarcinoma, 830 
papillary tumors, 830 
penis, 886-887, 887 
urothelial carcinoma 
pelvis and ureter, 276-280 
urethra, 476-477 
urinary bladder 
cytologic features, 363, 364 


differential diagnosis, 364-365 
foamy macrophages, 358, 359 
high grade, 361, 363, 363 
hyalinization, 358, 359 
low grade, 360-361, 362 
mucosal surface tenting, 357, 358 
papillae early formation, 357, 358 
Papillary urothelial neoplasm of low 
malignant potential, 360 
Papillary/polypoid cystitis, 364 
Papilloma 
inverted urothelial, 342—344, 343, 343b 
squamous urothelial, 401t 
Papillomatosis of glans corona, 873, 874 
Paracoccidioidomycosis, 47 
Paradidymis, 811 
Paraffinoma 
penis, 872-873 
scrotum, 872, 903, 903 
Paraganglia, 299, 301 
Paraganglioma, 844 
kidney, 166 
prostate gland, 681 
urinary bladder, 426-428 
Paraneoplastic syndrome 
clear cell renal cell carcinoma, 82, 82t 
papillary renal cell carcinoma, 91 
Parasitic infection, kidney 
amoebiasis, 48 
filariasis, 47 
hydatidosis, 48 
microsporidiosis, 47-48 
schistosomiasis, 47 
Paratesticular mucinous cystadenomas, 826 
Paratesticular region 
aberrant ductules and paradidymis, 811 
adenomatoid tumors, 832, 832—834, 833t 
adrenogenital syndrome, 820 
amyloidosis, 818 
anatomy and histology, 805-808 
appendix epididymis, 811 
appendix testis, 811 
arterial venous malformation, 815 
cancer staging system, 840-841 
carcinoid tumor, 844 
congenital abnormalities and ectopia, 
808-812 
cystic testicular dysplasia, 808t, 812, 812 
degenerating mesonephric tubule, 
804, 806 
dermoid and epidermoid cyst, 817 
desmoplastic small round cell tumors, 843, 
843-844 
ectopic adrenal cortical tissue, 808t, 810 
ectopic renal tissue, 808t, 810 
efferent ductules, 806-807 
embryology, 804-805, 805, 806 
endometriosis, 818 
epididymis (see Epididymis) 
epithelial tumor, 824-826, 827 
extratesticular germ cell tumor, 844 
extratesticular sex cord-stromal tumor, 844 
fibrous pseudotumor, 8/9, 819-820 
granulocytic sarcoma, 841 
gubernaculum, 804 
hematocele, 816t, 818 
hematopoietic and lymphoid neoplasms, 841 
hernia sacs inclusions, 811—812, 811b 


hydrocele, 812, 817—818 
inflammation and infection, 812—815 
inflammatory myofibroblastic tumor, 
818-819, 819 
leiomyosarcoma, 838—839 
liposarcoma, 839, 839-840 
malignant epithelial neoplasms, 826-829 
malignant lymphoma, 841 
malignant mesothelioma, 834, 834-836, 
835t 
meconium periorchitis, 814 
melanotic neuroectodermal tumor, 842, 
842-843 
mesenchymal neoplasm, 836-841 
mesonephric duct development, 804, 806 
mesothelial cyst, 817 
mesothelial neoplasms, 832-836 
mesothelioma/papillary serous carcinoma, 
828, 828b 
metanephric dysplastic hamartoma, 818 
miillerian and wolffian duct, 811 
neuroblastoma, 844 
ovarian-type epithelial tumor, 825-826, 827 
paraganglioma, 844 
perineural Leydig cells, 810, 8/0 
plasmacytoma, 841 
rete testis (see Rete testis) 
rhabdomyosarcoma, 837, 837-838 
Rosai-Dorfman disease, 818 
secondary neoplasm, 844-845, 845 
spermatic cord, 808 
spermatocele, 817 
splenic and gonadal tissue, 808t, 810 
varicocele, 815 
vas deferens, 807, 809 
vascular abnormalities and ischemia, 
815-816, 816 
vasculitis, 815-816, 816 
Paraureteral diverticula, 264 
Pediculosis pubis, 901 
Pelviureteral inverted papillomas, 276 
Penile intraepithelial neoplasia (PeIN) 
basaloid PeIN, 876-877, 877 
classification, 875, 875b 
differentiated PeIN, 875-876 
warty PeIN, 876, 876-877, 877 
undifferentiated PeIN, 876-877 
Penis 
acantholytic dermatosis, 872 
adnexal cysts and tumors, 896, 896 
agenesis, 859 
amyloidosis, 872, 872 
anatomical features, 855-859 
aphthous ulcers, 871 
bacterial infections, 861-864 
balanitis circumscripta plasmacellularis, 
870-871 
basal cell carcinomas, 895, 896 
bowenoid papulosis, 877, 877 
bullous pemphigoid, 871 
buried, 859 
chordee, 861 
cicatricial pemphigoid, 871-872 
circumcision, 894 
clear cell carcinoma, 897 
congenital anomalies, 859-861 
cornu cutaneoum, 873 
corpora cavernosa, 856-857, 858 
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Crohn disease, 873 
eczematous dermatitis, 868, 868 
embryology, 855 
epispadia, 860 
fixed drug eruptions, 871, 871 
foreskin, 857—858, 858 
fungal infections, 866-867 
giant condylomata, 895, 895 
glans anatomical layers, 856, 858 
hypospadia, 860-861, 861b 
lateral penile curvature, 860 
lichen planus, 869, 869 
lichen sclerosus, 869-870, 870 
lichen simplex chronicus, 868 
lymphatics, 859 
lymphoma, 900 
malignant melanoma, 897—898 
medial raphe cysts, 861 
melanosis, 897 
Merkel cell carcinoma, 895 
mesenchymal (soft tissue) tumors, 
898-899 
metastatic tumors, 900 
microphallus, 859 
noninfectious inflammatory conditions, 
868-872 
parasitic infestations, 867, 867—868 
pearly papules, 873, 874 
pemphigus, 872 
penile duplication, 859 
penoscrotal transposition, 860 
Peyronie disease, 873 
phimosis, 874, 874 
pigmentary and melanocytic disorders, 
897-898 
prurigo nodularis, 868 
psoriasis, 868-869, 869 
regional lymph nodes, 859 
Reiter syndrome, 869 
sclerosing lymphangitis, 873 
squamous cell carcinoma (see Squamous 
cell carcinoma) 
tancho nodules and paraffinomas, 872-873 
torsion, 859-860 
urethral meatal stenosis, 861 
vascular disorders, 873 
veins, 858-859 
verruciform xanthoma, 874 
viral infections, 864-866 
Zoon’s balanitis, 870 
Penoscrotal transposition, 860 
Perinephric abscess, 36, 37 
Perinephric pseudocyst, 31 
Perivascular epithelioid cell tumors, 423 
Peutz-Jeghers syndrome, 789, 791 
Peyronie disease, 873 
Pheochromocytoma, 166, 276 
adrenal gland scaled score, 233 
adrenal medullary hyperplasia, 234, 234 
adrenalectomy, 235 
amphophilic and cytoplasmic globules, 
231, 23:1 
clinical features, 230 
composite tumor, 234, 234 
epidemiology and etiopathogenesis, 
229-230 
gross features, 230-231, 231 
growth patterns, 231 
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infarct, 519, 519 

inflammation, 504—506, 504, 505 

inflammatory myofibroblastic tumor, 
696-698, 697t 


Pheochromocytoma (Continued ) agenesis and hypoplasis, 502 
immunohistochemistry, 232, 232, 233b amyloid, 538 
malignancy, 232-233 angiosarcoma, 702, 702, 703 


microscopic features, 231, 231-232, atrophy 


232 
Phimosis, 874, 874 
Phyllodes-like tumor 
prostate gland, 692 
seminal vesicle, 692 
Plasma cell (Zoon’s balanitis), 870-871 
Plasmacytoma, 285, 425, 841 
epidemiology and clinical features, 167 
pathology, 168 
Polyarteritis nodosa, 815-816 
Polycystic kidney disease 
autosomal dominant 
clinical features, 14-15, 14t, 15 
genetics, 14 
gross features, 15, 16 
microscopic features, 15, 76, 17 
autosomal recessive 
clinical features, 13, 73 
genetics, 12-13 
gross features, 13, 73, 14 
microscopic features, 13, 74 
Polycythemia, 82 


ancillary and special studies, 516-517, 517 

classification, 512 

clinical significance, 517 

differential diagnosis, 517, 518t 

incidence, 511 

partial, 514-515, 5/5 

postatrophic hyperplasia, 5/5, 
515-516, 516 

proliferative inflammatory, 516 

sclerotic, 514, 5/4 

simple, 512-514, 512-514 


atypical adenomatous hyperplasia 


clinical features, 534 
differential diagnosis, 535 
immunohistochemistry, 536 
microscopic features, 534 


atypical small acinar 
basal cell carcinoma (see Basal cell 


carcinoma) 


basal cell hyperplasia proliferation, 687 
benign prostatic hyperplasia (see Benign 


prostatic hyperplasia) 


intraductal carcinoma, 532, 532b 

large cell neuroendocrine carcinoma, 
680-681, 681 

leiomyoma, 698, 698 

leiomyosarcoma, 699, 700 

leukemia, 690-691 

lymphatics and blood vessels, 501—502 

lymphoepithelioma-like carcinoma, 681 

lymphoma, 689-690 

malakoplakia, 510 

malformations, 502-503 

mesonephric remnants, 502 

metastatic tumors, 691, 692 

mucinous metaplasia, 521, 521-522 

mucinous (colloid) carcinoma, 521 

multiple myeloma, 691 

nephrogenic adenoma, 522-523, 523 

nerves, 500-501, 501 

neuroendocrine differentiation, 677, 678 

nodular prostatic hyperplasia, 527 

paired ejaculatory ducts, 494, 494 

paneth cell-like change, 522 


Polyembryoma, 784, 785, 785 blue nevus, 698 
Polyoma virus, 48—49, 49, 312-313, 313 capsule 
Polyorchidism, 715 bladder neck, 500, 500 
Polypoid and papillary cystitis, 304-305 Denonvilliers fascia, 499 
Polypoid urethritis, 465 fibromuscular band, 499, 500 
Polyps skeletal muscle, 500, 500 
penis, 865 carcinoid tumor, 677, 678 
prostatic urethra, 503 central zone, 494—495 
ureter, 275 children, 492—493 
urethra, 469-475 clear cell cribriform hyperplasia, 532 
urinary bladder, 422 colorectal adenocarcinoma, 691, 692 
Posterior urethral valves, 463 concretions, 533 
Postneuroblastoma carcinoma Cowper glands, 501, 501-502 
clinical features, 106 crystalloids, 499 
differential diagnosis, 106—107 cystadenoma, 703 
gross findings, 106 diagnostic and treatment-related alterations 
immunohistochemistry, 106 biopsy and surgery, 538, 538-539 
microscopic features, 106 chemotherapy, 541 
prognosis and treatment, 107 cryotherapy, 541, 541 
Potter syndrome, 9, /0 hormonal therapy, 539, 539-540 
Prader-Willi syndrome, 722 radiation therapy, 540, 540-541, 541 
Precocious puberty, 715 ductal carcinoma, 532, 532b 
Priapism, 900 embryology, 491-492, 492 
Primary adrenal melanomas, 252 endometriosis, 538 
Primary familial xanthomatosis, 211 epithelium 
Primary pigmented nodular adrenocortical basal cell layer, 495, 495, 496, 497 
disease, 215, 215-216 central zone glands, 494-495 
Primitive neuroectodermal tumor corpora amylacea, 498, 498 


paraganglion, 50/ 

paraganglioma, 681, 682 

peripheral zone, 493, 493 

periprostatic adipose tissue, 501 

pigment disorders, 537-538, 538 

plasmacytoma, 691 

postoperative spindle cell nodule, 537 

primitive neuroectodermal tumor, 691, 691 

prostatitis (see Prostatitis) 

pseudoneoplasms, 491, 492t 

rhabdomyosarcoma, 701, 701-702, 702 

sarcomatoid carcinoma, 675—677, 676 

sclerosing adenosis, 694 

seminoma, 691, 69/ 

signet ring cell adenocarcinoma, 691, 692 

small cell neuroendocrine carcinoma, 677, 
679-680, 680 

solitary fibrous tumor, 698-699 

squamous cell carcinoma, 674-675 

squamous cell metaplasia, 518-520, 518-520 

stroma, 499, 499 

stromal metaplasia, 523 

stromal tumors (see Stromal tumors of the 
prostate (STUMPs)) 

synovial sarcoma, 702, 702 

systemic granulomatous disease, 510—511 

transition zone, 493 

urothelial carcinoma (see Urothelial 


kidney, 165 immunohistochemistry, 496 carcinoma) 
testis, 843 intraluminal materials, 499, 499 urothelial (transitional cell) metaplasia, 
urinary bladder, 414 lipofuscin pigment, 494-495, 496 520, 520-521 


utricle, 494, 495 
vasculitis, 511 


Processus vaginalis, 130, 502, 716, 804, 805, neuroendocrine (endocrine-paracrine) 
808, 809 cells, 497 
Pronephros, 1 Roman bridge formation, 495, 495 verumontanum, 494, 494 
Prostate gland secretory luminal cell layer, 495, 495 verumontanum mucosal gland hyperplasia, 
adenocarcinoma (see Prostatic extracellular stromal matrix, 500 533, 533 
adenocarcinoma) extramedullary hematopoiesis, 538 zonal model, 493, 493-494 
adenosis, 491 function, 491 Prostate-specific antigen 
adenosquamous carcinoma, 674-675, gastrointestinal stromal tumor, 700, ol-antichymotrypsin, 566 
675 700-701, 701 age-specific, 568 
adult, 493, 493 hemangioma, 691 cut off, 568 
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density, 568-569 
doubling time, 568 
factors influencing, 566-567 
free PSA (fPSA), 569 
posttherapy monitoring, 568 
screening programs, 567-568 
velocity, 568 
Prostatic adenocarcinoma, 428—429, 429 
acinar adenocarcinoma (see Acinar 
adenocarcinoma, prostate) 
age of diagnosis, 560, 560t 
atrophic carcinoma, 618, 618-619 
atypical adenomatous hyperplasia (see 
Atypical adenomatous hyperplasia) 
atypical small acinar proliferation, 603-604 
basophilic mucin, 589, 590 
biomarkers, 640 
carcinoid-like, 622, 623 
cell origin, 564 
clinical features, 565-568 
chemotherapy, 655—656, 656, 657 
collagenous micronodules (mucinous 
fibroplasias), 589b 
cryotherapy, 653-654, 654 
crystalloids, 589 
cystic change, 622, 622 
differential diagnosis, 573—575 
ductal adenocarcinoma (see Ductal 
adenocarcinoma) 
epidemiology, 575 
family history, 568 
foamy gland (xanthomatous) carcinoma, 
619, 619-620, 620 
gene fusion, 564—565, 566t, 567 
Gleason grading system 
2005 ISUP consensus conference, 624-628 
biopsy-prostatectomy agreement, 628-629 
clinical implications, 629 
colloid (mucinous) carcinoma, 627 
ductal adenocarcinoma, 625, 627 
foamy gland carcinoma, 625 
interobserver reproducibility, 629 
modified, 622, 624 
patient outcomes, 629 
tertiary Gleason grade, 628 
upgrading, 628 
vacuoles, 625 
glomeruloid bodies, 594 
gross features, 570-571 
high-grade prostatic intraepithelial neoplasia 
(see Prostatic intraepithelial neoplasia) 
high-intensity focused ultrasound, 654-655 
hormone therapy 
ancillary studies, 652-653 
androgen deprivation therapy (ADT), 
649, 649 
benign prostate, 649-650, 650 
prostatic intraepithelial neoplasia, 650, 
650-651, 651, 652 
surgical margins, 652 
tumor grade, 651—652 
incidence and prevalence, 559-560, 560t 
immunohistochemistry, 582 
interstitial laser thermotherapy, 655 
intraductal carcinoma, 604-610 
lifetime risk, 560 
lymphoepithelioma-like carcinoma, 621 


microscopic features, 579 
microwave thermotherapy, 655 
molecular and genomic features, 564, 565, 
565t 
mortality, 560, 560t 
mucinous (colloid) carcinoma, 614-615, 615 
neuroendocrine cells, 573 
oncocytic carcinoma, 621, 62/ 
p63 positive adenocarcinoma, 564 
Paneth cell-like change, 585 
photodynamic therapy, 655 
pleomorphic giant cell adenocarcinoma, 621 
proliferative inflammatory atrophy, 577, 577 
prostate-specific antigen (see Prostate- 
specific antigen) 
prostatic intraepithelial neoplasia-like 
carcinoma, 569-575 
pseudohyperplastic carcinoma, 616-618, 
617, 618 
radiation treatment 
ancillary studies, 649 
in benign prostatic glands, 646, 646, 647 
brachytherapy, 645 
postradiation biopsy, 645 
prostatic intraepithelial neoplasia, 
647-648, 648, 649 
tumor grade, 648-649 
risk factors, 563—564 
sarcomatoid carcinoma, 559 
signet-ring cell carcinoma, 615-616, 616 
specimen handling 
needle core biopsy, 640, 642, 642, 642t 
radical prostatectomy, 643, 643—644 
transurethral resection, 642—643 
specimen reporting, 644, 644t 
staging 
clinical T staging, 630, 630t 
extraprostatic extension (pT3a), 631—632 
lymphovascular invasion, 635, 635 
metastases, 636, 636 
microscopic bladder neck invasion 
(pT3a), 632-633 
pathologic T staging, 631, 634 
regional lymph nodes, 635, 635—636 
seminal vesicle invasion, 633-634 
surgical margin status, 634-635, 635 
symptoms and signs, 565-566 
time trends, 562, 562-563 
traditional clinicopathologic prognostic 
factors 
bladder neck invasion, 639-640 
extraprostatic extension, 637—638 
Gleason grade, 636 
lymphovascular invasion, 639 
margin status, 638—639 
perineural invasion, 639 
seminal vesicle invasion, 639 
stage, 636 
tumor quantification, 636—637 
transition zone adenocarcinoma, 579 
treatment, 644—657 
worldwide geographical distribution, 
560-562, 561 
Prostatic intraepithelial neoplasia 
apical snouts, 571, 573 
architectural and cytologic features, 
571, 571t 
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basal cells, 571, 573, 574 
clinical features, 570 
cribriform, 571, 572 
definition, 569, 574-575 
epidemiology, 569 
flat architectures, 571, 572 
foamy cells, 571, 572 
inverted pattern, 571, 572 
lipochrome pigments, 571, 573 
micropapillary, 571, 572 
molecular biology, 570 
multifocal, 570 
prostate biopsy sampling, 569-570 
Paneth like cells, 571, 573 
small cell type, 571, 573 
tufted, 571, 572 
Prostatic tissue ectopia, 502-503 
Prostatic utricle cyst, 464 
Prostatic-type polyp, 323, 469-470, 471 
Prostatitis 
acquired immunodeficiency syndrome 
(AIDS), 511 
acute bacterial, 504 
BCG granulomatous, 508, 508 
diagnosis, 503, 503b 
foreign body granulomatous, 511 
infectious granulomatous, 508 
NIH classification, 503, 503t 
non-BCG types 
Coccidioides immitis, 508, 509 
Mycobacterium tuberculosis, 508 
Schistosoma, 509, 509 
nonspecific granulomatous 
epithelioid histiocytes, 507—508 
lobular pattern, 507, 507 
necrosis, 507 
xanthoma, 507, 507 
postbiopsy and postresection 
granulomatous, 509, 509-510 
Pseudomonas pseudomallei, 511 
Proximal tubule, 7 
Prune Belly syndrome, 502 
Prurigo nodularis 
penis, 868 
scabies, 902, 902 
Pseudosarcomatous fibromyxoid tumor 
(see Inflammatory myofibroblastic 
tumor) 
Pseudocarcinomatous hyperplasia, 
319, 319 
Pseudohyperplastic carcinoma 
penis, 888-889 
prostate gland, 616-618, 617, 618 
Pseudomonal cellulitis, 861 
Psoriasis, penis, 868-869, 869 
Pubertal and adult testis 
anatomy and microanatomy, 714 
blood supply and lymphatics, 714 
germ cells, 712-713, 712t 
immature spermatids, 712 
Leydig cells, 713, 713 
mature spermatids, 711 
sertoli cells, 712, 712t 
spermatocytes, 712 
spermatogonia, 712 
tubular wall, 712, 712t 
Pyelocalyceal diverticula, 31 
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Pyelonephritis 
acute 
clinical features, 35-36 
etiopathogenesis, 35 
gross features, 36, 36, 37 
microscopic features, 36, 37 
chronic obstructive 
clinical features, 38 
differential diagnosis, 40 
etiopathogenesis, 38 
gross features, 38-39, 39 
microscopic features, 39—40, 40 
Pyeloureteral urothelial hyperplasia, 274, 274 
Pyeloureteritis cystica, 273, 274 
Pyonephrosis, 36, 37 
Pytiriasis versicolor, 867 


R 
Radiation and chemotherapy cystitis, urinary 
bladder, 307-309, 308, 309 
Radiation treatment, prostatic 
adenocarcinoma 
ancillary studies, 649 
in benign prostatic glands, 646, 646, 647 
brachytherapy, 645 
postradiation biopsy, 645 
prostatic intraepithelial neoplasia, 647—648, 
648, 649 
tumor grade, 648-649 
Radical prostatectomy, 643, 643-644 
Randall plaques, 52, 53 
Reflux nephropathy 
causes, 40, 41t 
clinical features, 41 
etiopathogenesis, 40—41 
gross features, 41, 47 
microscopic features, 42 
Reinke crystalloids, 220 
Reiter syndrome, 869 
Renal agenesis, 9, 9t, /0, 262 
Renal angiomyoadenomatous tumors, //4, 
114-115, 115 
Renal arteriovenous anastomosis, 33—34 
Renal artery aneurysm, 33, 33 
Renal artery dissection, 33, 33, 34 
Renal artery stenosis 
clinical features, 32, 32, 32t 
pathology, 32-33, 33 
Renal cell carcinoma (RCC) 
acquired cystic disease—associated renal 
cell carcinoma, //2, 112—113 
carcinoma associated with 
neuroblastoma, 73t 
chromophobe renal cell carcinoma, 96—100 
clear cell papillary renal cell carcinoma, 
110-112 
clear cell renal cell carcinoma, 80—89 
clinical features, 112 
collecting duct carcinoma, 100—102 
ALK-translocation associated, 126 
Birt-Hogg-Dubé syndrome, 119t, 119-120, 
120 
in end stage renal disease, 112 
epidemiology, 112 
Fuhrman grading system, 116-117, 116t, 717 
genetics, 113 
hereditary renal cell carcinoma, 123—124 
inflammation, 82 


ISUP grading scheme, 117—118, 778, 118t 

medullary carcinoma, 102—103 

M:T family translocation renal cell carcinoma 

Xp11, 103 
T(6:11), 103 

morcellated kidneys, 178 

morphologic parameters, 115, 115t 

mucinous tubular and spindle cell 
carcinoma, 107—108 

papillary renal cell carcinoma, 110-112 

partial nephrectomy, 177, 177-178 

radical nephrectomy, 175-177, 175-177 

renal tumor biopsy, 178 

renal tumor of oncocytosis, 75-80 

rhabdoid change, 119, 719 

Robson staging classification, 169, 169t 

Rochester workgroup, 117 

sarcomatoid change, //8, 118-119 

specimen handling, 174-178 

specimen reporting, 178, 179t, 180 

staging, 169-174 

succinate dehydrogenase B mutation 
associated renal cell carcinoma, 125 

thyroid follicular carcinoma-like, 113-119 

treatment, 113 

tubulocystic carcinoma, 108—110 

unclassified renal cell carcinoma, 115 

vena cava thrombus specimens, 178, 178 


Renal cysts, 26 

Renal dysplasia, 22—23 
Renal ectopia, 11—12 
Renal hypoplasia, 9, 9t, 70 
Renal infarction, 34, 34 
Renal infections, 35—50 
Renal lithiasis 


calcium oxalate renal stone, 270, 270 
risk factor, 270 

upper tract stone, 268-269, 269t 
ureteral stones, 270, 270 


Renal medullary carcinoma 


clinical features, 102 

differential diagnosis, 103 
epidemiology, 102 

genetics, 103 

gross features, 102 
immunohistochemistry, 103 
microscopic features, 702, 102-103, 103 
prognosis and treatment, 103 


Renal pelvis and ureter 


adenocarcinoma, 283 

agenesis, duplication and ectopia, 262, 
262-263, 263 

amyloidosis, 273 

anatomy and histology, 261, 262 

cysts, 275 

embryology, 261-262 

endometriosis, 273, 273 

fibroepithelial polyps, 275, 275 

hematopoietic and lymphoid tumors, 285 

hyperplasia and metaplasia, 273-275 

inflammation and infection, 271 

inflammatory pseudotumor, 275 

inverted papilloma, 276 

malacoplakia, 268, 269 

malformations, 262—268 

malignant epithelial tumor, 276-280 

megaureter, 265—266, 265t, 266, 267 

mesenchymal tumor, 284 
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microbial infection, 268, 269 
nephrogenic adenoma, 274-275 
pyeloureteral urothelial hyperplasia, 274, 274 
pyeloureteritis cystica, 273, 274 
radiation, 271, 271 
renal injury, 271 
renal lithiasis, 268—270, 269t, 270 
retroperitoneal fibrosis, 271-272, 272 
secondary tumor, 285 
small cell (neuroendocrine) carcinoma, 270 
specimen handling, 286 
squamous cell carcinoma, 282—283 
stents/strictures, 272 
ureterocele, 264-265, 265 
ureteropelvic junction obstruction, 263, 
263-264, 264 

urothelial carcinoma 

classification, 276 

clinical features, 278-280 

gross features, 276-277 

microscopic features, 282 

prognosis and treatment, 282 

staging, TNM, 282 

variants, 280—282 
vasculitis, 270—271 


Renal vein thrombosis, 34 
Renomedullary interstitial cell tumor, /43, 


143-144, 144 


Rete testis 


acquired cysts, 817 

adenocarcinoma, 827, 828 

adenomatous hyperplasia, 820-822 

anatomy and histology, 805-806, 806 

benign tumors, 824 

congenital abnormalities and ectopia, 
808-809, 808t 

cystic transformation, 816 

epithelial tumor, 824, 825 

hyperplasias, 820-822, 821, 822 

malignant tumors, 824 


Retroperitoneal fibrosis, 271—272, 272 
Rhabdoid tumor 


differential diagnosis, 142 

epidemiology and clinical features, 
140-141 

genetics, 142 

gross features, 141, 741 

immunohistochemistry, 142 

microscopic features, 741, 141—142 

prognosis and treatment, 142 


Rhabdomyoma, 836 
Rhabdomyosarcoma 


in germ cell tumors, 481—482, 482 
kidney, 157 

paratesticular region, 837, 837-838 
pelvis and ureter, 284 

urinary bladder, 421—422 


Rosai-Dorfman disease, 731, 732, 818 
Rotation abnormality, kidney 


clinical features, 9-10 
pathology, 11, Z7 


Rudimentary testes syndrome, 715 


Sarcoidosis, 58—59, 730, 813-814 
Sarcomas 


kidney, 143 
penis, 888 


paratesticular region, 840-841 
prostate gland, 537 
seminal vesicles, 705 
urinary bladder, 418 
Sarcomatoid carcinoma 
kidney, 82 
pelvis and ureter, 282 
penis, 880 
prostate gland, 675—677 
urinary bladder, 420 
Scabies 
penis, 867, 867 
scrotum, 901 
Schistosomal funiculitis, 813 
Schistosomiasis, 47, 313-314, 314 
Schwannoma, 417 
Sclerosing adenosis prostate, 536, 536-537 
Sclerosing lipogranuloma 
epididymis, 814 
scrotum, 903, 903 
Sclerosing lymphangitis, 873 
Scrotum 
acantholytic dermatosis, 902 
adnexal tumors, 906 
anatomy and histology, 900, 900, 901 
basal cell carcinoma, 905—906, 906 
calcinosis, 902—903, 903 
condyloma acuminatum, 904 
congenital anomalies, 901 
epidermal inclusion cysts, 904, 904 
epithelial neoplasms, 904-906 
fat necrosis, 903—904 
hidradenitis suppurativa, 902, 903 
lymphoma and leukemic infiltration, 
908, 909 
melanocytic neoplasms, 906 
metastatic tumors, 908 
nonneoplastic conditions, 901—904 
Paget disease, 906, 907 
scabies, 901 
sclerosing lipogranuloma, 903, 903 
squamous cell carcinoma (see Squamous 
cell carcinoma) 
soft tissue tumors, 906—909, 907, 908 
verruciform xanthoma, 904, 904 
Seborrheic dermatitis, 868, 868 
Segmental cystic disease, 30-31 
Seminal vesicles 
adenocarcinoma, 704, 704 
age related changes, 511 
agenesis, 545 
amyloid deposition, 547, 547-548, 548 
anatomy, 542, 542-543 
calcification and calculi, 547 
cystadenoma, 703 
cysts, 546, 546 
ectopic benign prostatic tissue, 545-546, 
546 
embryology, 542 
germ cell tumors, 705 
histology, 543-544, 543, 544, 545 
immunohistochemistry, 544-545, 545 


inflammation and infection, 546—547, 547 
mixed epithelial-stromal tumors, 705, 705 


muscular/fibromuscular hyperplasia, 548 
phyllodes-like tumor, 692 

physiologic function, 542 

sarcomas, 705, 705 


ultrastructural features, 545 
ureterovesicular fistulas, 545 
Seminiferous tubules, 712 
Seminoma 
anaplastic, 765 
clinical features, 761—762 
gross features, 762 
immunohistochemistry, 764 
microscopic features, 762—763 
spermatocytic, 766-767 
with syncytiotrophoblastic giant cells, 
755t 
treatment and prognosis, 766 
Sertoli cell-only syndrome, 734-736 
Sertoli cell tumors 
clinical features, 789 
immunohistochemistry, 790-791 
large cell calcifying, 791-792 
microscopic features, 789-790 
Peutz-Jeghers syndrome, 789 
Sertoliform cystadenoma, 824, 825 
Sex cord stromal tumors 
fibroma/thecoma, 793-794 
granulosa cell tumor 
adult type, 755t 
juvenile, 755t 
Leydig cell tumor, 786-789 
sertoli cell tumor, 789-792 
unclassified, 794 
Sickle cell trait, 103 
Signet ring cell adenocarcinoma 
prostate gland, 692 
urinary bladder, 408—409 
Simple cysts 
clinical features, 26 
etiopathogenesis, 26 
gross features, 26, 27 
microscopic features, 26, 27, 28 
Sinorchidism, 715 
Skene duct cyst, 471 
Small cell carcinoma 
kidney, 164 
prostate gland, 677—680 
urinary bladder 
carcinoid tumor, 414, 414 
clinical features, 410-411 
differential diagnosis, 412 
etiopathogenesis, 410 
immunohistochemistry, 412 


large cell neuroendocrine carcinoma, 412 
primitive neuroectodermal tumor/Ewing 


sarcoma, 414 
treatment and prognosis, 412—413 
typical histologic features, 411, 4/1 


Solitary fibrous tumor (SFT), 155-156, 418, 


698-699 
Spermatic cord, 808 
Spermatocytic seminoma 
clinical features, 766-767, 767b 
etiology and pathogenesis, 766 
gross features, 767 
microscopic features, 767, 767, 768 
Spermatogonia 
sarcoma, 712 
treatment and prognosis, 712 
Spermatogonia arrest, 736, 736 
Spindle cell carcinoma (see Sarcomatoid 
carcinoma) 
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Spindle cell nodule, postoperative 


prostate gland, 696 
urinary bladder, 420 


Squamous cell carcinoma (SCC), 844 


pelvis and ureter, 282-283 
penis 
acantholytic SCC, 889, 890 
adenosquamous carcinoma, 890-891, 
891 
basaloid carcinoma, 882, 883 
carcinoma cuniculatum, 886, 886 
circumcision specimen, 894 
etiopathogenesis, 878 
growth patterns, 879-880 
histologic subtypes, 27b, 880 
mixed, 890, 890 
molecular changes, 891—892 
mucosal surface, 878 
papillary carcinoma, 886-887, 887 
penectomy specimen, 894-895 
penile intraepithelial neoplasia, 866 
prognosis, 892-894 
pseudohyperplastic carcinoma, 888-889 
reporting, 905 
sarcomatoid carcinoma, 887—888, 888 
staging, 905 
usual type, 881-882 
verrucous carcinoma, 884—886 
warty carcinoma, 882—884 
scrotum 
clinical presentation and gross 
appearance, 905 
epidemiology and etiopathogenesis, 905 
microscopic features, 905, 905, 906 
prognosis and treatment, 905, 906t 
urinary bladder 
clinical features, 400 
differential diagnosis, 401—402 
epidemiology, 399—400 
etiopathogenesis, 399-400 
high-grade dysplasia, 401, 40/ 
keratinizing squamous cell metaplasia, 
401, 401 
schistosomiasis, 399 
treatment and natural history, 402 
well-differentiated verruciform surface, 
400, 400 


Squamous cell metaplasia 


prostate gland 
causes, 519, 519b 
complete and partial gland involvement., 
518, 518 
differential diagnosis, 519 
in fibrotic stroma, 519—520, 520 
glycogenated cytoplasm, 519, 5/9 
infarcts, 519, 5/9 
nuclear atypia, 519, 519 
urinary bladder 
glycogenated, 343 
keratinizing, 399 
nonkeratinizing, 401t 
stones, 342 


Squamous papilloma, 475 


clinical features, 345 
differential diagnosis, 345-346 
pathology, 345, 345 


Stage, size, grade, necrosis (SSIGN) score, 


renal cell carcinoma, 88, 88t 
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Stauffer syndrome, clear cell renal cell 
carcinoma, 82 
Stones (see Calculi) 
Storage diseases 
adrenoleukodystrophy, 210-211 
Wolman disease, 211 
Stromal hyperplasia of prostate, 523 
Stromal nodules of prostate, 526 
Stromal tumors of prostate 
clinical features, 692 
degenerative atypia, 692, 693 
differential diagnosis, 695 
epithelioid cells, 694, 694 
immunohistochemistry, 695, 695t 
myxoid pattern, 692, 693 
phyllodes pattern, 692, 693, 694 
prognosis and treatment, 695—696, 696 
prominent eosinophilic cytoplasm, 
692, 693 
sarcoma, 694 
storiform pattern, 694, 694 
of uncertain malignant potential (STUMP), 
692-696 
Struvite (infection) stones, 53, 53, 54 
Sturge-Weber syndrome 
Succinate dehydrogenase B mutation- 
associated renal cell carcinoma, 125 
Sustentaculoma, 253 
Swyer syndrome, 717 
Synovial sarcoma of kidney, 7158, 158-159 
Syphilis, 861-862, 862 
Syringoma, 896, 896 


T 
Tamm-Horsfall protein, 323-324 
Tancho nodules, 872-873 
Teratoma 
clinical features, 777 
differential diagnosis, 779 
fetal-type tissues, 778, 778 
gross features, 778, 778 
immunohistochemistry, 779, 781 
neuroepithelial elements, 779, 779 
secondary somatic malignancy, 
778, 780 
Testicular adnexal Leydig cells (TALC), 
810, 810 
Testicular biopsy, 732-733, 733, 756 
Testicular descent, 715, 716, 721, 804, 805 
Testicular infarction, 724-725 
Testicular microlithiasis, 742, 742, 756, 
758, 783 
Testicular neoplasia mimics 
amyloidosis, 740 
ectopic tissues, 739 
fibrous pseudotumor, 739-740, 740 
hyperplasia of rete testis, 741, 74] 
inflammatory lesions, 740 
interstitial cell hyperplasia, 740-741, 741 
meconium periorchitis, 738-739, 739 
mesothelial hyperplasia, 741, 741 
orchitis, 739 
segmental testicular infarction, 738 
sertoli cell hyperplasia, 740, 740 
sperm granuloma, 739, 739 
testicular cysts, 739 
Testicular regression syndrome, 715 
Testicular torsion, 815 


Testicular tumors 
burned out scar, 783, 783 
carcinoid tumor, 781—782, 782 
choriocarcinoma (see Choriocarcinoma) 
clinical features, 777 
clinical management, 754 
differential diagnosis, 764-766 
diffuse embryoma, 785, 785 
embryonal carcinoma (see Embryonal 
carcinoma) 
epidemiology, 754-757, 756b, 756t, 757 
epidermoid and dermoid cysts, 781, 782, 783 
germ cell tumor, 751-752, 752t, 753 
gonadoblastoma, 718, 7/8, 721, 755t, 757, 
758, 794-195, 794 
histochemistry and immunohistochemistry, 
764 
intratubular germ cell neoplasia, 757-758, 
757b 
differential diagnosis, 760-761, 761 
embryonal carcinoma, 771 
histochemistry and immunohistochemis- 
try, 759-760 
microscopic features, 758-759, 759, 762, 
762-763, 763, 764 
seminoma, 761—762, 761b 
Leydig (interstitial) cell tumor, 786-795 
lymphoma and leukemia, 795-796 
mesenchymal tumors, 797 
metastatic tumors, 797—798 
pediatric, 772 
plasma cell neoplasms, 496-497 
polyembryoma, 785, 785 
reporting, 784, 795, 
rete testis, 751 
retroperitoneal lymph node dissection, 754, 
756b 
seminoma (see Seminoma) 
sertoli cell tumor, 789 
sex cord-stromal (gonadal stromal) tumors, 
785-786, 786b 
spermatocytic seminoma (see 
Spermatocytic seminoma) 
staging, 751-754, 752t, 753, 754 
teratoma (see Teratoma) 
yolk sac tumor (see Yolk sac tumor) 
Testicular tunics, 807—808 
Testicular vasculitis, 726, 726 
Testis 
aging, 713 
anatomy, 749-751 
anorchidism, 714-715 
chromosomal and genetic anomalies, 
722-723, 722t 
congenital malformations, 724 
cysts, 723-724 
ectopia, 716 
embryology, 804-805, 805, 806 
genetic mechanisms, 709-710 
hormonal control, 710-711 
fetal, 711, 711 
gonadal/testicular dysgenesis, 717—718, 718 
infertility, 731-738 
inflammatory diseases, 726-731 
lysosomal storage diseases, 726 
macroorchidism, 715 
male pseudohermaphroditism, 719-722 
mechanical lesions, 741 
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microlithiasis, 741—742, 742 
monorchidism, 714 
polyorchidism, 715 
prepubertal, 711 
pubertal and adult, 711-713 
sclerosing lipogranuloma, 743 
sinorchidism, 715 
testicular arteriolar hyalinosis, 742, 742-743 
testicular neoplasia, 738-740 
true hermaphroditism, 718-719, 719 
tumors (see Testicular tumors) 
undescended testis, 716-717 
vascular lesions, 724-726 
Thiotepa, 272, 309, 352 
Thromboangiitis obliterans, 816 
Thyroid-like follicular renal cell carcinoma 
differential diagnosis, 113 
epidemiology and clinical features, 113 
genetics, 113 
gross features, 113 
immunohistochemistry, 113 
microscopic features, 113, 713 
prognosis and treatment, 113—114 
Tinea versicolor, 867 
Torulopsis, 45 
Translocation carcinomas 
clinical features, 103—104 
differential diagnosis, 105 
epidemiology, 103—104 
genetics, 105 
gross findings, 104, 104 
immunohistochemistry, /05, 105—106, 106 
melanotic Xp11 cancer, 104, 105 
microscopic features 
prognosis and treatment, 105—106 
t (6:11), 103 
ultrastructural studies, 105 
Yp11 related, 709 
Trichomycosis pubis, 861 
True agonadism, 715 
Tuberculosis, kidney 
clinical features, 43 
differential diagnosis, 43—44, 44 
etiopathogenesis, 43 
gross features, 43, 43, 44 
microscopic features, 43 
prevalence, 42 
Tuberculous cystitis, 315 
Tuberculous epididymitis, 8/3 
Tuberous sclerosis 
clinical features, 21 
diagnostic criteria, 121, 122t 
genetics, 21, 122 
gross features, 21-22, 22 
microscopic features, 22, 22, 23 
prognosis and treatment, 123 
renal pathology, 122, 122-123, 123 
Tubulocystic renal carcinoma 
differential diagnosis, 109 
electron microscopy, 109 
epidemiology and clinical features, 
108-109 
genetics, 109 
gross features, 109, 109 
immunohistochemistry, 109 
microscopic features, 109, 109 
prognosis and treatment, 110 
Turner syndrome, 717 


U 
Umbrella cells, 296, 296, 304t, 305, 308, 313, 
342, 356, 462, 475 
Undescended testis (see Cryptorchidism) 
Urachal adenocarcinoma 
clinical features, 405—406 
diagnostic criteria, 405 
differential diagnosis, 407 
etiopathogenesis, 406—407 
mucinous appearance, 406, 407 
mucinous histology, 406, 407 
treatment and natural history, 407 
Urachal cysts, 333, 334, 
Urachal tumors 
adenocarcinoma (see Urachal adenocarcinoma) 
squamous cell carcinoma, 407 
staging, 407 
urothelial carcinoma, 406 
villous adenoma, 405, 407 
Urachus 
embryology and anatomy, 329-330 
histology, 330 
infections, 333 
malformations, 302-303 
patent urachus, 331-333 
urachal cysts, 333 
Ureter (see also Renal pelvis and ureter) 
anatomy and histology, 261, 262 
angiitis, 270-271 
diverticula, 264 
embryology, 261—262 
stenosis, 271, 271 
stricture, 267, 267 
tumors, 267 
valves, 266, 267—268 
Ureterectomy, 286 
Ureterocele, 264—265, 265 
Ureteropelvic junction (UPJ) obstruction 
kidney, 50-51 
pelvis and ureter, 263, 263, 264, 264 
Urethra 
anatomy and histology, 461 
caruncle, 469, 470, 470t 
congenital abnormalities, 463-465 
embryology, 463 
inflammation and infection, 465-467 
metaplasia and hyperplasia, 467-469 
neoplasms, 475—484 
polyps, 469-475 
Urethritis, 465, 465 
Uric acid stones, 54, 54 
Urinary bladder 
actinomycosis, 312 
adenocarcinoma 
clear cell, 409-410, 409, 410 
hepatoid, 410 
nonurachal, 401—405 
signet ring cell, 408-409 
urachal, 405—407 
adventitia and perivesical adipose tissue, 
299, 301 
agenesis, 300-301 
amyloidosis, 324, 324-325 
anatomy, 295-296 
bacterial cystitis, 310 
biopsy specimens, 437 
carcinoid tumor, 344, 374, 414, 414 
collagen polyp/collagenoma, 323 


cystitis glandularis, 3/7, 317-318, 318 
depth of invasion, 434—435, 435 
diagnosis of invasion, 431—432 
diverticula, 302 
duplication and septation, 301-302 
ectopic prostatic tissue, 323, 323 
embryology, 329-330 
emphysematous cystitis, 310-311, 3// 
encrusted cystitis, 310, 377 
eosinophilic cystitis, 309-310, 310 
exstrophy, 302, 302 
fibroepithelial polyp, 322-323, 323 
follicular cystitis, 306, 306 
fungal cystitis, 312 
gangrenous cystitis, 310 
germ cell tumors (see Germ cell tumors) 
giant-cell cystitis, 306, 306 
granular cell tumor, 417-418, 427 
hamartoma, 324, 324 
hematopoietic and lymphoid tumors, 423-425 
hemorrhagic cystitis, 309, 3/0 
histology, 296-301 
hypoplasia, 300 
inflammatory myofibroblastic tumor (IMT), 
326, 421, 
lamina propria, 297, 297-298, 298, 299t, 300 
large cell neuroendocrine carcinoma, 412-414 
lymph node sampling specimens, 440-441 
malakoplakia, 311-312, 312 
malformations, 302—303 
malignant melanoma, 425—426 
megacystis, 301 
mesenchymal tumors (see Mesenchymal 
tumors) 
metastatic tumors (secondary) 
breast, 430-431 
cervix and endometrial, 429-430, 430 
colorectal, 429, 430 
prostate, 428-429, 428-429 
renal cell carcinoma, 431 
Miillerian lesions (see Miillerian lesions) 
muscularis propria, 298-299, 300, 301 
neobladder, 329 
nephrogenic adenoma (see Nephrogenic 
adenoma) 
nonneoplastic lesions, 305b 
nonspecific acute and chronic cystitis, 310 
painful bladder syndrome/interstitial cystitis, 
306-307, 307, 308 
papillary-polypoid cystitis, 304-305, 306 
paraganglia, 299, 301 
paraganglioma, 426—428 
partial cystectomy specimens, 437—438 
perivascular epithelioid cell tumor, 418, 423 
persistent cloaca, 303 
post operative spindle cell nodule, 
427, 427 
primitive neuroectodermal tumor, 
414, 422 
prostatic-type polyp, 323 
pseudocarcinomatous hyperplasia, 319, 319 
radiation and chemotherapy cystitis, 
307-309, 308, 309 
radical cystectomy specimens, 438—440 
reactive urothelial atypia, 303, 304 
secondary tumors, 428-431, 429 
small cell neuroendocrine carcinoma, 
410-413 
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specimen handling and reporting, 435-441, 
435t-437t, 438-440 
squamous cell carcinoma, 399-402, 399b, 
400, 401, 401b 
squamous metaplasia, 316, 316b 
staging, 431—435 
T3/T4 disease, 435 
Tamm-Horsfall protein, 323-324 
transurethral resection specimens, 437 
tumors, 340-441 
tumor reporting, CAP guidelines, 
435-437 
urachus (see Urachus) 
urothelial carcinoma (see Urothelial 
carcinoma) 
urothelium, 296, 296 
vascular malformations, 302—303, 303 
villous adenoma, 344-345, 344, 345 
viral cystitis (see Viral infection) 
von Brunn nests, 3/6, 316-317 
Urogenital sinus, 295, 491, 502 
Urolithiasis (see Calculi) 
Urothelial carcinoma (UC) 
1973 WHO grading criteria, 340, 341t 
2004 WHO/ISUP grading system, 282 
pelvis and ureter 
diagnosis, 278 
dysplasia, 278 
epidemiology, 276-277 
etiopathogenesis, 277—278, 277b 
immunohistochemistry, 280 
inverted growth pattern, 281, 287 
lipid-cell and sarcomatoid, 282 
lymphoepithelioma-like carcinoma, 282 
microcystic carcinoma, 281 
micropapillary variant, 281 
morphologic variant, 280-284 
prognosis and predictive factors, 282 
specimen handling and reporting, 
286-287 
staging, 285-286 
prostate, 388, 399 
urethra, 389, 399 
urinary bladder 
angiogenesis related, 397 
apoptosis related, 396 
atypia of unknown significance, 352 
biopsy and transurethral resection, 
350-351 
carcinogens exposure, 346, 346t 
carcinoma in situ, 353—355 
clinical features, 348—349 
cytology, 355-356, 356 
denuding pattern, 355, 355 
diagnostic criteria, 349-350 
immunohistochemistry, 356-357, 357 
morphologic patterns, 354t 
cellular proliferation, 396 
chlorinated water, 347 
chordoid features, 388—389 
clear cell (glycogen-rich), 389, 390 
clinical features, 341—342 
cystoscopy, 350 
cytology, 350 
dietary factors, 347 
differential diagnosis, 364-365, 369 
drug exposure, 347 
epidemiology, 346 
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Urothelial carcinoma (Continued ) 
gene expression and molecular 
profiling, 397 
genetics, 396 
giant cell variant, 383-384 
glandular differentiation, 408 
grading, 394 
gross features, 365 
hereditary factors, 347 
invasion, diagnostic criteria, 431, 432t 
invasion pattern, 395-396 
invasive (see Invasive urothelial 
carcinoma) 
inverted papilloma-like, 382, 382-383, 
382t, 383 
lipid-rich (lipoid), 389-390 
lymphoepithelioma-like variant, 381-382 
lymph-vascular invasion, 395 
microcystic variant, 374, 375 
mixed differentiation, 372—373 
micropapillary variant, 353-354, 
376-378 
molecular and genetic markers, 396 
mucin, 367, 368, 388, 390 
muscularis mucosae, 433, 434, 434 
with myxoid stroma, 387-388, 387 
nested variant, 373-374, 373-374, 373b 
osteoclastic giant cells, 385-386 
papillary tumors (see Papillary tumors) 
plasmacytoid variant, 378, 379-380, 380 
with pseudosarcomatous stroma, 393 
reactive urothelial atypia, 351-352 
rhabdoid features, 390-391 
sarcomatoid, 391, 392, 393, 393 
sarcomatoid with heterologous 
differentiation, 391 
Schistosoma haematobium, 347 
signaling proteins and receptors, 
396-397 
small cell differentiation, 373 
small tubules, 375 
specimen handling and reporting, 
435-441 
squamous differentiation, 381 
staging, 436t-437t 
tobacco smoke, 346 
TP53 and cell cycle regulators, 396 
treatment, 397—398 
trophoblastic differentiation, 384 
urine markers, 349, 349t 
urothelial dysplasia, 352-353 
urothelial hyperplasia, 351 
villoglandular differentiation, 387 
Urothelial dysplasia 
diagnostic criteria, 353 
flat epithelium, 353, 353 
lesion history, 353 
surface tenting, 353, 353 
Urothelial hyperplasia, 351, 35/ 
Urothelial (transitional cell) metaplasia 
differential diagnosis, 520-521 
florid gland involvement, 520, 520 
incidence, 520 
partial gland involvement, 520, 520 
Urothelial papilloma, 276 
clinical features, 341-342 
differential diagnosis, 342 


inverted (see Inverted urothelial papilloma) 
pathology, 342, 342 
Urothelium, 296, 296 


Vv 
Vanishing testes syndrome, 715 
Varicocele, 726, 815 
Vas deferens 
anatomy and histology, 807 
congenital anomalies, 809 
Vasa aberrantia, 12 
Vasculitis 
paratesticular region, 815-816, 816 
pelvis and ureter, 270-271 
prostate, 511 
Vasitis nodosa, 815 
Verruciform xanthoma 
penis, 874 
scrotum, 904, 904 
Verrucous carcinoma 
penis, 884-886, 885, 885t 
urinary bladder, 402 
Verumontanum mucosal gland hyperplasia, 
469, 533, 533 
Villous adenoma 
renal pelvis and ureter, 276, 276 
urachus, 344, 345 
urethra, 475-476 
urinary bladder, 344, 344-345, 345 
Viral infection 
kidney 
adenovirus infection, 49-50 
cytomegalovirus, 49, 49, 50 
hantavirus, 50 
polyoma virus, 48—49, 49 
urinary bladder 
adenovirus, 312 
calculi, 315 
granulomatous cystitis, 314-315, 315 
herpes zoster, 313 
human papillomavirus, 312, 313 
polyoma virus, 312-313, 313 
schistosomiasis, 313—314, 3/4 
von Brunn nests 
ureter, 273 
urethra, 467-468, 468 
urinary bladder, 3/6, 316-317 
von Hansemann histiocytes, 602 
von Hippel-Lindau disease, 809, 811, 
824, 845 
clinical features, 19 
clinical phenotypes, 121 
extrarenal manifestations, 20t 
genetics, 19, 121 
gross features, 19-20, 20 
lesions associated, 120, 120t 
microscopic features, 20, 20-21, 21 
prognosis and treatment, 121 
renal pathology, 121, 121 


Ww 

WAGER syndrome, 133 

Waldeyer sheath, 295 

Walker-Warburg syndrome, 724 

Walthard rest, 723, 826 

Warty (condylomatous) carcinoma of penis, 
882, 883—884, 884 
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Waterhouse-Friderichsen syndrome, 213 
Webbed penis, 859 
Wegener granulomatosis, 467, 467 
Wilms tumor, 844 
anaplasia, 133, 134, /34 
differential diagnosis, 133 
diffuse nephroblastomatosis, 
131, 131 
epidemiology and clinical features, 131 
genetics, 133 
gross features, 131-132, /32 
immunohistochemistry, 133 
microscopic features, 732, 132-133, 133 
perilobar nephrogenic rest, 130-131, 737 
prognosis and predictive factors, 133-134, 
134 
reporting, 129, 134, 136t 
staging, 134, 135t 
Wolffian ducts, 262, 492, 542, 710, 
809, 811 
Wolffian remnants, 811 
Wolman disease, 211 


X 


Xanthine stones, 55 
Xanthogranulomatous epididymitis, 813 
Xanthogranulomatous orchitis, 730, 730 
Xanthogranulomatous pyelonephritis 
clinical features, 55—56 
differential diagnosis, 56 
gross features, 56, 56, 57 
microscopic features, 56, 57, 58 
Xenotropic murine leukemia-related virus 
(XMRV), 564 
45XO gonadal dysgenesis, 717 
46XX gonadal dysgenesis, 717, 718 
46XY gonadal dysgenesis, 709, 717 
46XY syndrome, 722 


Y 


Yolk sac tumor 
differential diagnosis, 774 
endodermal sinus, 772, 772 
glandular-alveolar, 773, 773 
gross features, 772 
hepatoid, 773, 774 
immunohistochemistry, 774, 775 
macrocystic, 772, 772 
myxomatous, 773, 773 
papillary, 773 
parietal, 773 
polyvesicular vitelline, 773, 773 
reticular/microcystic, 772, 772 
Schiller-Duval bodies, 236 
solid, 773, 774, 775 
spindle cell, 773 
urinary bladder, 428 


Z 

Zellballen, 224, 231-233, 231, 232 

Zellweger syndrome, 23t, 25t 

Zona glomerulosa, 207, 213, 214, 216, 
216, 219 

Zona fasciculate, 206, 207, 213, 810 

Zona reticularis, 207, 211, 217 

Zoon’s balanitis, 870-871 


